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PREFACE. 


IT  is  ufual  for  Authors  to  give  an  account,  in  a Prefatory -Bifcourfe, 
of  the  motives  which  may  have  induced  them  to  compofe  fuch 
works  as  they  prefent  to  the  Public.  Apologies  for  defers,  and  af- 
filtance  to  enable  the  Reader  to  difcover  excellencies,  compofe  no 
fmall  part  of  thefe  Addrelfes.  I have  little  to  fay  in  either  refpeCt. 
The  Bookfeller  fuggefted  to  me,  feveral  years  ago,  his  wilh  that  I 
would  compofe  a Chemical  Dictionary.  After  fome  deliberation  I 
engaged  in  the  plan,  from  general  as  well  as  particular  motives, 
which  it  is  unnecelfary  to  Rate,  becaufe  fufficiently  obvious.  Since 
that  time  my  progrefs  has  been  interrupted,  and  at  laft  fufpended  for 
many  months,  by  misfortunes  and  ill  health  ; the  former  of  which, 
though  to  myfelf  an  imprelfive  lelfon  of  the  bad  principles  of  men  in 
fociety,  is  too  trite  an  inltance  of  the  evils  produced  by  that  caufe,  to 
conftitute  any  part  of  the  prefent  Difcourfe.  Neither  of  thefe  can  be 
urged  in  extenuation  of  the  imperfeCtions  of  the  following  work  ; but 
they  are  conclufive  to  jultify  the  reCtitude  of  the  Author  in  the  mind 
of  fuch,  if  any  there  be,  as  may  fuppofe  him  to  poffefs  the  power  or 
the  ability  to  have  done  better. 

The  form  of  a Dictionary,  though,  for  many  years,  in  high  eltima- 
tion  with  the  world  in  books  on  every  1'ubjeCt,  is  confeffedly  inimical  to 
the  natural  order  of  things.  For  this  reafon  it  l'eems  proper  to  men*- 
tion  its  advantages.  When  a fubjeCt  does  not,  in  itfelf,  demand  much 
of  arrangement,  or  if  the  natural  arrangement  be  fuch  as  not  to  be 
apprehended  but  by  thofe  who  have  made  confiderable  advances  in 
that  department  of  knowledge,  it  is  evident  that  the  utility  of  a dictio- 
nary to  the  Learner  will  more  than  compenfate  for  the  offence  given 
to  the  Mailers  of  the  Science.  And  accordingly  it  is  found  that  no  fyf- 
tematical  arrangement  of  mere  words  or  terms,  with  their  explana- 
tions, can  poflels  fo  much  utility  as  that  which  follows  the  order  of 
the  alphabet.  When  Macquer’s  Dictionary  firft  appeared,  the  Au- 
thor remarked  that  Chemiltry  was  little  more  than  a collection  of 
faCts,  fcarcely  entitled  to  the  name  of  Science,  or  capable  either  of  fyn- 
thetic  or  analytic  explanation.  Whence  he  drew  a juft  conclulion 
in  favour  of  the  Dictionary  form.  Since  that  time,  the  progrefs  of 
Chemiltry  has,  indeed,  been  uncommonly  rapid.  But  if  the  Reader  will 
contemplate  the  numerous  blank  compartments  in  the  Tables  at  the 
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end  of  this  work:  if  it  be  moreover  confidered,  that  the  great  con- 
troverfy  among  Chemifts,  at  prefent,  which  pervades  the  whole  of 
the  Science,  amounts  to  a confeflion  of  ignorance  whether  in  our 
theoretical  explanations,  we  ought  to  add  or  fubtraft;  that  the  fame 
principles,  fimilar  perhaps  in  all  refpe&s  as  to  their  nature  and  pro- 
portions, produce  mold  of  the  ftriking  differences  between  organized 
fubftances  by  the  mere  order  of  their  combination ; that  icarcely 
a veflige  of  the  means  to  afcertain  this  order  has  yet  been  difcerned ; 
that  the  abforption,  combination,  or  emiffion  of  light,  the  exiflence 
and  operation  of  heat  in  the  latent  ftate,  the  conducing  powers 
of  bodies,  their  denfities,  elafficities,  refractive  powers,  and  various 
other  fecondary  properties,  though  they  muff  all  bear  relation  in 
fbme  way  or  other  to  the  habitudes  which  we  call  chemical,  have 
been  little  attended  to: — if  thefe  fadts  be  duly  confidered,  he  wilL 
not  be  difpofed  to  contend  with  me,  when  I affirm,  that  the  argu- 
ments in  favour  of  the  Dictionary  form  poffefs  nearly  the  fame  force, 
at  prefent,  as  they  did  when  Mr.  Keir  communicated  that  valuable 
mafs  of  knowledge  to  the  Public. 

I have  had  fome  doubt  whether  I ought  to  advert  to  the  Dictio- 
nary, of  which  this  eminent  Chemift  has  publifhed  a part  : I mean 
the  mere  commercial  confideration  which  prefen ts  itfelf  between  us* 
When  any  work  is  publifhed,  or  in  progrefs,  it  may  feem  unfair,  that 
is  to  fay  wrong,  for  another  Author  to  bring  into  the  market  a work 
of  precifely  the  fame  kind.  But  this  rivalihip  in  trade,  or  in  litera- 
ture confidered  as  a trade,  has- always  appeared  to  me  to  be  beneficial 
to  the  Public,  and  confequently  juftifiable,  if  conducted  in  f'uch  a man- 
ner as  not  to  offend  again  ft  the  other  univeiial  principles  which  ought 
to  regulate  the  conduCt  of  every  individual.  At  all  events,  however, 
the  difcuftlon  of  this  cafe  cannot  apply  to  me.  My  Dictionary  is 
comprehended  within  limits  lo  much  lei's  extenfive  than  thole  appa- 
rently exhibited  in  the  frrft  part  of  Mr.  Keir’s  work,  that  the  depart- 
i ments  intended  to  be  occupied  by  each  muft  certainly  be  very  dif- 

tiiicf . I fhall  therefore  difmifs  this-  confideration  with  the  fmcere 
wifh,  that  the  world  may  foon  be  benefited  by  the  farther  labours 
of  that  Author  in  his  great  undertaking. 

A lefs  equivocal  claim  of  juftice  prefents  itfelf  with  regard  to 
the  Authors  from  whofe  works  the  following  compilation  has  been, 
for  the  moft  part,  extracted.  I have,  on  no  occafion,  fcrupled  to  ufe 
the  very  words  of  the  Authors,  when  the  neceftity  of.  abridgement 
and  interpolation,  or  the  correction  of  error,  have  not  required  me 
to  a (ft  otherwile.  This  is  certainly  the  beft,  with  regard  to  utility 
and  accuracy,  though  it  may  perhaps  be  confidered.  as  a deduction, 
from  the  Author’s  own  claim  to  originality.  On  this  laft  head  I 
fhould  have  very  little  anxiety,  even  if  the  work  were  of  a different 
kind  ; ftriCt  truth  being  of  infinitely  more  value  than  any  other 
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confederation.  I have,  therefore,  been  led  to  rejedl  altogether  the 
marks  of  quotation  ; but  I have  not  negledted  to  mention  my  autho- 
rities, wherever  it  was  neceffary.  It  will  be  found,  on  clofe  examina- 
tion, that  the  pradtice  of  all  Authors  who  have  written  on  general 
fubjedts  has  necelfarily  .been  the  fame. 

Though  the  Science  of  Chemiftry  poffelfes  little  of  fyftem,  and  it  is 
accordingly  found  that  the  writers  of  general  Treatiles  vary  greatly 
in  their  arrangement  of  the  fubjedt,  yet  it  is  commonly  fuppofed  that 
a Dictionary  of  any  Science  is,  or  ought  to  be,  a regular  Trea- 
tife,  broken  into  parts,  and  diftributed  under  the  Titles  of  an 
Index.  A moderate  portion  of  ingenuity  will  enable  any  one  to  fe- 
lebt  the  articles  of  the  following  work,  and  ditfribute  them  into  a 
kind  of  fyftem.  But  I will  confefs  that  1 have  paid  no  attention  to- 
any  fuch  project.  To  me  it  feeras  calculated  to  produce  a diltradt- 
ing  let  of  references  from  one  article  to  another,  and  to  defeat  the. 
very  purpofe  of  a Dictionary,  by  requiring  the  Reader  to  confult  a 
great  number  of  articles,  when  his  purpofe  was  to  fee  under  one  article 
the  greateft  part  of  what  could  be  faid  on  that  fubjedt.  I have  accord- 
ingly endeavoured,  as  much  as  the  nature  of  things  would  permit,  to 
make  each  article  a concife  Effay  or  Tradt  upon  the  fubjedt  under 
its  title,  and  have  thought  it  better  to  make  occafional  fhort  repe- 
titions, than  oblige  the  Reader  to  refer  to  articles  where  the  rela^ 
tive  branches  of  the  fubjedt  are  more  fully  treated.  The  great 
number  of  references  is  by  this  means  more  naturally  fupplied  by 
thole  fhort  notices ; and  the  Reader,  if  his  purpofe  require  it,  will  have 
recourle  to  the  other  articles  without  formal  diredtion.  The  Index 
of  Things  is  obvioully  uleful  for  the  fame  purpofe. 

A diftinblion  is  l'ometimes  made,  in  experimental  Science,  between 
men  of  theory  and  men  of  fadt.  We  are  but  too  apt  to  run  into 
extremes.  The  men  of  theory  confider.  general  refults  as  the  great 
and  dignified  objects  of  Science,  and  ellimate  the  importance  of  fadts 
according  to  their  respective  rank  among  the  illultrations  of  their 
general  theorems.  The  men  of  fact,  on  the  contrary,  are  difpofed 
to  attach  a high  value  to  the  practical  department,  and  are  much 
more  attentive  to  regifter  one  incident  after  another,  than  to  genera- 
life  and  explain  the  operations  they  behold.  The  enlightened  cultiva- 
tor of  Science  will  be  neither  of  thefe  executively,  or  rather  he  will  be 
both.  In  the  acquifition  of  knowledge,  few  linen  can  patiently  en- 
dure a Rate  of  doubt ; and  there  are  not  many  minds  fo  cultivated  and 
lb  powerful  as  to  be  aware  of  the  fedubtions  of  a digefted  hypothe- 
fis,  which  continually  prefents  its  polfelfor  with  imaginary  diicove- 
ries.  But  the  ordinary  effebts  of  an  attention  to  hypothefis  are,  that 
things,  by  frequent  repetition,  become  alfociated  in  the  mind,  which 
have  no  real  connexion  in  nature  ; that  fuch  events  as  coincide 
with  the  theory  make  a ftronger  imprellion  on  the  mind  than  thole 
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which  do  not,  and  accordingly  the  latter  are  either  overlooked  or 
rejected  ; and,  laftly,  that  this  falfe  coincidence  of  theory  and  fadt 
becomes  one  of  the  ftrongeft  arguments  in  its  favour.  Hence  we 
fee,  in  religions,  moral,  and  metaphyfical  controversies,  as  well  as  in 
thofe  that  relate  to  phyfical  objedts,  converts  are  feldom  produced 
by  the  diredt  force  of  right  reasoning  ; but  in  an  indiredt  method, 
from  the  repetition  of  their  adverfaries’  arguments,  with  a view  to 
confute  them.  It  feems  neceffary,  when  the  mind  is  thus  milled, 
that  an  equal  force  of  habit  fhould  be  pradlically  generated  in  fa- 
vour of  the  oppofite  fide  of  a controverfy,  before  impartiality  can  be 
produced.  The  man  who  has  been  habituated  to  explain  chemical 
phenomena  by  the  dodlrine  of  phlogifton,  will  not  be  an  impartial 
judge  in  that  controverfy,  until  he  has  acquired  a facility  in  explain- 
ing them  by  the  dodlrine  which  rejedts  that  principle. 

It  appears  then  to  be  of  the  utmoft  importance,  that  every  man  of 
Science  fhould  acquire  fufficient  fortitude  to  enable  him  to  perceive 
the  narrow  limits  of  his  own  knowledge,  and  the  numerous  objedls 
which  require  inveftigation.  Vanity  may  be  flattered  by  the  fpe- 
cious  pretence  of  accounting  for  every  thing;  but  even  this  princi- 
ple of  felf-approbation  may  be  much  more  highly  gratified  by  the 
effedts  of  that  energy  of  mind,  which  is  produced  by  the  contempla- 
tion of  truth,  abftradled  from  all  fidlion.  More  than  half  of 
our  lives  is  employed  in  difcriminating  and  unlearning  error.  How 
much  more  effedlual  would  our  efforts  then  be,  if,  by  timely  exa- 
mination and  reafonable  doubt,  we  had  continued  in  the  fituation 
of  being  able  to  receive  and  apply  the  truth  whenfoever  prefpnted 
to  us  ! It  is  affirmed  that,  in  Chemiftry,  even  a bad  theory  is  of  ufe 
to  methodife  and  arrange  fadls.  But  this  cannot  be  true ; for  bad 
theory,  that  is  to  fay  falfehood,  cannot  promote  the  ends  of  truth : 
So  far  as  the  theory  agrees  with  the  truth,  it  will  confift  of  arrange- 
ment growing  out  of  the  nature  of  the  fadls  themfelves ; and  fo  far 
as  it  differs  from  this,  it  is  delufion. 

Under  the  impreffion  of  thefe  and  other  fundamental  principles, 
I have  been  difpofed  to  fet  very  little  value  upon  the  ingenious  conjec- 
tures prefcnted  to  the  Public  refpedting  the  Theory  of  Chemiftry  by 
a confiderable  number  of  men  of  ability.  I have  uniformly  endea- 
voured to  diftribute  the  facts  in  fuch  a manner  that  they  may  tend 
to  explain  themfelves;  and  in  the  few  articles  where  I have  had  occa- 
fion  to  give  an  account  of  the  theories  of  others,  I have  never  fcru- 
pled  todiftinguifh  the  weak  parts  from  the  ftrong.  Many  things 
are  therefore  related  as  matter  of  doubt,  concerning  which  a large 
number  of  Chernifls  entertain  no  doubt  whatever. 

In  the  controverfy  refpedling  Phlogifton,  or  the  nature  of  Combuf- 
tion,  not  a little  remains  to  be  done,  before  it  can  be  faid  that  the 
procefs  is  well  underftood.  I have  aborted  under  the  latter  article, 
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that  the  doctrine  which  rejects  phlogifton,  or  a common  inflammable 
matter,  appears  to  me  to  be  much  the  moft  Ample,  and  confequently 
probable.  Rut  I have  not  adopted  the  nomenclature  of  the  Anti- 
phlogiftians.  We  are  fo  continually  milled  by  words  that  it  would, 
no  doubt,  be  of  great  advantage  if  a confident  and  uniform  nomen- 
clature were  generally  adopted.  The  French  nomenclature,  though 
not  without  its  faults,  appears  to  be  more  perfect  than  any  other, 
which  has  been  offered  : but  I did  not  think  myfelf  at  liberty  to 
anticipate  the  public  choice,  by  ufing  it  in  an  elementary  work. 

With  regard  to  the  materials,  to  which  I have  had  recourfe,  I do 
not  here  enter  into  any  detail.  It  would  be  of  little  ufe  to  the  Be- 
ginner, and  the  Man  of  Science  will  fcarcely  need  the  afliftance  of 
the  Index  of  Names  to  afcertain  the  principal  l'ources  of  my  infor- 
mation. Thofe  only  who  may  have  undertaken  the  laborious  talk 
of  bringing  together,  in  one  mafs,  the  various  fadts  of  a Science 
fcarcely  methodifed,  which  lie-difperfed  through  the  Adts  ol:  Acade- 
mies, Literary  Journals,  and  Treatifes  in  various  languages,  will  be 
truly  aware  of  the  probabilities  of  error  or  imperfedfion  in  fuch  an 
undertaking.  A confiderable  portion  of  thefe  materials  muff  in  the 
nature  of  things  be  inacceffible,  or  unknown,  to  the  Compiler  ; gnd 
the  utmoft  induftry  of  compilation  mufl  alfo  have  its  limits.  Human 
undertakings  require  to  be  accomplilhed  within  fome  definite  time, 
otherwife  their  utility  would  fuffer  from  the  changes  which  take 
place,  even  during  the  performance.  I will  not  here  exprefs  any 
ufelefs  wiih,  that  my  refearches  had  been  more  fortunate,  or  my 
refources  more  extenfive.  Every  man  of  refledtion  will  do  juftice. 
tp..my  endeavours  in  this  refpedt, , and  I ought  to  claim  no  more. 
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ABSORBENT.  The  more  foluble  earths  were  formerly  diftinguilhed  by  the 
name  of  abforbent  earths.  This  divifion  comprehended  clay,  lime,  and 
magnefia  ; but  modern  chemifts  have  juftly  rejedled  it  as  vague  and  indefinite. 

ABSTRACTION.  In  the  procefs  of  diftillation,  the  volatile  products  which  come 
over  and  are  condenfed  in  the  receivers,  are  fometimes  faid  to  be  abftradted  from 
the  more  fixed  part  which  remains  behind.  This  term  is  chiefly  ufed  when  an  acid 
or  other  fluid  is  repeatedly  poured  upon  any  fubftance  in  a retort,  and  diftilled  off, 
with  a view  to  change  its  ftate,  or  the  nature  of  its  compofition.  See  Distilla- 
tion. 

ACESCENT.  A fubftance  which  becomes  four  or  acid  by  fpontaneous  decom- 
pofition,  is  faid  to  be  acefcent. 

ACETOUS.  Of  or  belonging  to  vinegar,  or  the  acetous  acid.  See  Acid, 
Acetous. 

ACHROMATIC.  Telefcopes  formed  of  a combination  of  lenfes,  which  in  a great 
meafure  corredt  the  optical  aberration  arifing  from  the  various  colours  of  light,  are 
called  achromatic  telefcopes.  Some  of  thefe  have  been  made  wonderfully  perfedi, 
and  their  excellence  appears  to  be  limited  only  by  the  imperfections  of  the  art  of 
glafs  making.  The  artifice  of  this  capital  invention  of  Bollond  confifts  in  feledting, 
by  trial,  two  fuch  pieces  of  glafs,  to  form  the  objedt  lenfes,  as  feparate  the  va- 
rioufly  coloured  rays  of  light  to  equal  angles  of  divergence,  at  different  angles  of 
refradtion  of  the  mean  ray;  in  which  cafe  it  is  evident,  that,  if  they  be  made  to ' 
refradt  towards  contrary  parts,  the  whole  ray  may  be  caufed  to  deviate  from  its 
courfe  without  being  feparated  into  colours.  The  difficulty  of  the  glafs-maker  is 
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in  a great  meafure  confined  to  the  problem  of  making  that  kind  of  glafs  which 
lli all  caule  a great  divergence  of  the  coloured  rays  with  refped  to  each  other, 
while  the  mean  refradion  is  fmall.  See  Glass. 

ACID.  In  the  infancy  of  any  fcience,  when  the  attention  of  its  cultivators  is 
chiefly  employed  upon  fubftances  which  differ  from  each  other  by  great  and  obvious 
variations,  it  is  eafy  to  eftablifh  criterions,  by  which  the  claff  flcation  of  bodies  may 
be  effeded  : but  when  any  particular  branch  is  carried  to  a confiderable  degree  of 
perfedion,  there  will  always  be  found  a variety  of  articles  which  form  a connedion 
between  one  clafs  and  another,  and  render  it  difficult  to  draw  the  line  of  difcri- 
mination.  Acids  were  formerly  diftinguilhed  by  the  popular  criterion  of  tafte  which 
is  peculiar  to  them,  and  is  denoted  by  the  word  fournefs.  Modern  difcoveries  have, 
however,  exhibited  acids,  in  which  the  leading  properties  are  too  obfcure  to  be  of 
any  great  utility  in  determining  their  nature  when  unknown;  and  it  is  only  from 
the  general  affemblage  of  properties  that  they  can  be  diftinguilhed.  Thefe  pro- 
p rties  are, 

x.  Their  tafte  is  four  and  corrofive,  unlefs  diluted  with  water.  2.  They  change 
blue  vegetable  colours  to  a red.  3.  Moil  of  them  unite  with  water  in  all  propor- 
tions ; and  many  have  fo  ftrong  an  attradion  to  that  fluid  as  not  to  be  exhibited 
in  the  folid  ftate.  4.  At  a moderate  temperature,  or  in  the  humid  way,  they  com- 
bine with  alkalis  fo  ftrongly  as  to  take  them  from  all  other  fubftances.  5.  They 
combine  with  moft  bodies,  and  form  combinations  attended  with  many  interefting 
phenomena  ; upon  the  due  explanation  of  which  a great  part  of  the  fcience  of  clie- 
miftry  depends. 

There  are  a confiderable  number  of  inftances  in  which  combuftible  fubftances 
are  converted  into  acids  by  being  burned.  Thus  fulphur,  by  combuftion,  affords 
vitriolic  acid  j phlogifticated  air,  repeatedly  ignited  by  eledricity,  affords  nitrous 
acid ; and  phofphorus,  by  burning,  is  converted  into  phofphoric  acid.  The  ana- 
logy of  other  fads  appears  to  juftify  the  general  pofition,  that  acids  confift  each  of 
a peculiar  balls,  altered  by  combuftion  ; and,  as  it  is  now  generally  admitted  that 
the  vital  or  truly  refpirable  part  of  the  atmofphere  is  abforbed  during  combuftion, 
it  will  follow  that  an  acid  confifts  of  a combuftible  fubftance  united  with  vital  air. 

This  is  indeed  the  fimpleft  way  of  ftating  the  refult.  But  it  is  of  the  greateft 
importance,  in  fcientific  purfuits,  to  be  cautious  in  Amplifying  our  dedudions.  Ge- 
neral hypothefes  are  moft  commonly  conftruded,  by  overlooking  fuch  concomitant 
circumftances  in  natural  events  as  are  leaft  ftriking ; but  which,  neverthelefs,  cannot 
bereafoned  out  of  the  courfe  of  the  adual  proceffes.  When  this  expedient  is  ufed  to 
obtain  a delufive  fhew  of  fimplicity,  the  bufinefs  of  enquiring  into  the  phenomena 
which  are  exhibited  around  us,  degenerates  into  a war  of  vvords,  and  the  fads  are  no 
longer  impartially  difplayed  ; fuch  fads  being  always  efteemed  of  greateft  value  as 
feern  moft  effedual  in  fupporting  the  favourite  fyftem.  It  muft  be  confefled,  how- 
ever, on  the  other  hand,  that  all  ufeful  inveftigation  muft  neceffarily  tend  to  the 
difcovery  of  general  truths,  and  the  development  of  the  Ample  laws  of  nature  ; that 
fyftems,  formed  in  the  lefs  perfed  ftate  of  any  fcience,  will  of  courfe  be  founded  on- 
fewer  fads,  and  will,  by  fucceffive  emendation,  become  more  and  more  compli- 
cated ; and,  confequently,  that  the  real  improvement  of  any  theory  will  almoft 
always  confift  in  the  rejedion  of  principles  formerly  held  to  be  effential  to  the 
fcience. 

The  chemifts  of  Franee  confider  combuftion  as  a mere  union  of  vital  air  with 
any  inflammable  fubftance.  Molt  of  the  chemifts  in  England  and  Germany 
fuppofe  lone  general  principle  of  inflammability,  called  phlogifton,  to  exift  in  all 
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bodies  which  are  fufceptible  of  burning,  and  they  maintain  that  combuftion  is  a 
difengagement  of  phlogifton.  The  difcovery  that  vital  air  is  abforbed  in  this  procefs, 
has  rendered  the  ancient  theory  lefs  Ample.  Phlogifton  was  formerly  a being  of 
great  ufe,  in  folving  the  appearances  that  take  place  in  all  bodies  by  burning  ; and 
its  exiftence  was  therefore  inferred  from  the  fads  to  which  it  was  applied  : but  at 
prefent  it  embarraffes  the  chemift  in  various  instances,  and  has  been  difpofed  of  hy- 
pothetically, according  to  the  fancy  of  the  theorifts.  Some  affirm,  that  the  vital  air 
combines  with  the  bafe  of  the  combuftible  body,  while  the  phlogifton  is  difengaged 
and  flies  off : others  affert,  that  vital  air  unites  with  phlogifton  only  in  all  cafes  of 
combuftion ; fo  that  there  are  two  effedive  caufes  of  this  phenomenon;  namely, 
phlogifton,  and  air.  An  acid  may  therefore  be  confidered  as  compofed  of  a 
combuftible  balls,  united  with  vital  air  j or  as  the  fame  bafe,  firft  deprived  of  phlo 
gifton  and  then  united  to  vital  air  ; or  as  a combination  of  the  bafis,  together  with 
phlogifton  and  vital  air,  which,  in  fome  inftances,  the  phlogiftic  philofophers  find 
it  neceffary  to  fuppofe ; or,  laftly,  if  the  vital  air  be  aflumed  to  be  a compounded 
body,  and  its  parts  be  fuppofed  to  confift  of  the  general  principle  of  acidity,  com- 
bined with  fire  or  the  matter  of  heat,  it  is  evident  that  we  fiiall  have  proceeded  ftill 
farther  into  the  regions  of  hypothefis,  and  the  variety  of  poflible  arrangements  will 
be  greatly  multiplied.  The  writings  of  modern  chemifts  are  filled  with  difquifitions 
founded  upon  aflumed  combinations  of  this  nature. 

Several  ingenious  attempts  have  been  made  to  afcertain  the  ftrength  of  acids,  and 
the  real  quantity  of  faline  matter  contained  in  fuch  as  cannot,  by  any  means  hitherto 
devifed,  be  deprived  of  water.  Both  thefe  objedls  are  very  difficult  to  be  obtained, 
and  the  latter,  more  efpecially,  does  not  feem  to  be  determinable  by  any  other 
procefs  than  fuch  as  fhall  actually  leave  the  acid  in  a pure  ftate,  without  the  pre- 
fence of  water  or  any  other  fubftance.  The  profpeft  of  this  appears  to  be  fo  un- 
promifing  as  almoft  effe&ually  to  difcourage  any  attempts  at  performing  it.  The 
former  enquiry  feems  to  be  within  our  power,  provided  the  determination  of  the 
ftrength  of  acids  be  underftood  to  imply  nothing  more  than  to  deduce  a method  of 
afcertaining  the  quantity  of  acid,  of  a given  denfity,  which  may  be  contained  in 
any  given  meafure  of  the  fame  acid,  more  or  lefs  diluted  with  water.  Experiments 
carefully  made,  by  adding  certain  regulated  quantities  of  water  to  equal  portions  of 
the  denfeft  acids,  will  exhibit  a feries  of  denfities  or  fpecific  gravities,  which,  being 
tabulated,  will  ferve  to  indicate  the  quantities  of  the  denfeft  acid  which  may  be 
contained  in  any  other  portions  of  the  fame  acid  examined  at  the  temperature  of 
the  original  experiments,  or  with  a due  allowance  for  any  variation  between  the 
temperatures. 

The  ufual  method  of  afcertaining  the  comparative  ftrengths’of  different  acids, 
confifts  in  faturating  them  with  alkaline  fait ; that  acid  being  fuppofed  the  ftrongeft 
which  requires  the  greateft  quantity  of  alkali  to  caufe  the  total  difappearance  of  its 
acid  properties.  Againft  this,  however,  it  is  an  infurmountable  objection,  that  the 
acids  do  not  differ  from  each  other  merely  in  ftrength,  as  eftimated  by  this  criterion, 
but  are  principally  diftinguilhed  from  each  other  by  their  feveral  attractions  to  other 
l'ubftances, which  follow  no  conftant  law  deducible  from  experiments  made  with  alkalis. 
So  that  the  acid  which  requires  the  greateft  quantity  of  alkali  for  its  faturation,  will  not 
maintain  the  fame  precedence  when  applied  to  earths,  metals,  or  combuftible  bodies. 
As  the  method  of  examination  by  alkalis  may  neverthelefs  have  its  ufes,  efpecially 
in  acids  of  the  fame  kind,  it  is  proper  to  obferve,  that  the  mineral  alkali  in  pure 
cryftals,  fuffered  to  fall  into  efflorelcence,  and  then  dried  in  fimilar  circumftances  for 
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a determinate  time  by  the  heat  of  boiling  water,  is  the  bed  fubftance  for  affording 
a conftant  refult.  It  rauft  be  preferved  in  a dry  bottle  well  clofed. 

At  firft  confideration  it  may  feem  an  eafy  matter  to  determine  the  quantity  of  acid 
in  any  meafure  of  fluid,  by  faturating  it  with  alkali,  and  cryftallizing  the  neutral 
fait  by  evaporating  the  water.  This  method  muft  be  allowed  to  poffefs  fome  ad- 
vantages, though  it  is  preffed  with  difficulties  of  confiderable  magnitude.  It  is  by  no 
means  eafy  to  afcertain  the  quantity  of  an  alkali.  The  mineral  alkali,  juft  fpoken  of, 
contains  a large  quantity  of  fixed  air,  which  being  pretty  conftant,  may  not,  indeed, 
prevent  the  alkali  from  being  ufed  to  obtain  proportional  refults ; but  it  muft 
be  driven  off  when  the  abfolute  quantity  of  alkali  is  the  objed  of  enquiry;  and 
the  alkali,  thus  treated  by  fire,  will  in  moll,  if  not  all,  cafes  diffolve  a portion  of  the 
veflel,  and,  from  its  ftrong  tendency  to  attrad  moifture  from  the  air,  will  be  very 
difficult  to  be  weighed.  A careful  operator  may,  however,  get  over  thefe  obftacles, 
by  weighing  the  earth  depofited  during  the  combination  of  the  alkali  with  the  acid, 
and  this  weight  of  earth  being  deduded  from  the  weight  of  the  hot  alkali,  previoufly 
afcertained  in  a clofed  bottle,  will  leave  the  real  weight  of  the  alkali  itfelf ; but,  after 
this  proceeding,  the  neutral  fait  will  differ  in  its  weight,  according  to  the  quantity 
of  water  which  enters  into  the  formation  of  its  cryftals;  for  this  quantity  will  be 
greater,  the  lower  the  temperature  at  which  the  cryftals  were  formed  : fo  that,  in 
the  courfe  of  evaporation  and  cooling,  the  cryftals  will  contain  more  and  more 
water,  according  to  the  order  of  their  depofition.  The  beft  method  of  rendering 
the  water  of  cryftalliz&tion  a conftant  quantity  feems  to  be,  to  evaporate  on  a water 
bath,  and  let  the  neutral  fait  feparate  without  expofing  the  fluid  to  the  lower  tem- 
perature. 

The  acids  hitherto  difcovered  are  diftinguifhed  according  to  the  mineral,  vege- 
table, or  animal  kingdoms  from  which  they  are  obtained.  The  mineral  kingdom 
affords,  i.  the  vitriolic  acid,  known  in  commerce  by  the  name  of  oil  of  vitriol; 

2.  the  nitrous  acid,  called  fpirit  of  nitre;  3.  the  marine  acid,  called  fpirit  of 

fait ; 4.  the  aerial  acid,  or  fixed  air ; 5.  the  acid  of  borax,  or  fedative  fait ; 6.  the 
acid  of  fluor  fpar,  or  fparry  acid  ; 7.  the  acid  of  amber,  or  fuccinous  acid  ; 8.  the 

acid  of  phofphorus,  or  phofphoric  acid;  9.  the  acid  of  arfenic  ; 10.  the  acid  of 

tin  ; n.  the  acid  of  molybdena  ; 12.  the  acid  of  tungften,  or  wolfram. 

The  vegetable  kingdom  affords  the  acids,  1.  of  lemons ; 2.  of  apples,  or  unripe 
fruits;  3.  of  galls;  4.  of  benzoin ; 5.  of  tartar;  6.  of  fugar,  or  forrel ; 7.  of 
mucilage,  or  fugar,  by  deftruftive  diftillation';  8.  of  tartar,  and  9.  of  wood,  by  the 
fame  procefs ; 10.  the  acid  of  camphor ; and,  11.  the  acetous  acid,  or  vinegar. 

The  animal  kingdom  affords  the  acid,  1.  of  milk;  2.  of  fugar  of  milk; 

3.  of  ants  ; 4.  of  Pruffian  blue  ; 5.  of  fat ; 6.  of  the  ftone  of  the  bladder;  and, 
7.  of  filk- worms. 

ACID,  ACETOUS.  Vinegar  is  an  acid,  formed  by  that  fpontaneous  change 
which  takes  place  in  organized  fubftances,  and  is  diftinguifhed  by  the  name  of 
fermentation.  For  the  circumftances  and  requifites  neceffary  to  produce  this  acid, 
Jee  the  words  Fermentation,  and  Vinegar.  When  vinegar  is  expofed  to  diftil- 
lation, a watery  fluid  firft  rifes,  which  is  fcarcely  acid,  but  pofleffes  the  lively  fmelt 
of  the  vinegar  itfelf ; this  is  fucceeded  by  the  acid  which  chemifts  call  the  acetous 
acid,  and  in  commerce  is  called  diftilled  vinegar.  The  acid  referved  as  diftilled 
vinegar  muft  not  exceed  two-thirds  of  the  whole,  becaufe  the  aftion  of  the  heat 
begins  to  produce  a confiderable  change  in  the  remaining  principles  on  the  retort. 
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Diftilled  vinegar  is  much  diluted  with  the  water  which  comes  over  with  it, 
and  tliefe  two  fluids  do  not  fufficiently  differ  in  volatility  to  admit  of  the  acid  being 
concentrated,  by  expelling  the  water  by  a graduated  heat.  A large  portion  of  this 
water  may,  however,  be  feparated,  by  expofing  the  fluid  to  a freezing  atmofphere ; 
for  the  water  congeals  firft,  "and  may  then  be  taken  out  : the  remaining  ftrong  acid 
may  be  rendered  exceedingly  pure,  by  feveral  rectifications  on  a water  bath,  which 
deprive  it  of  fuch  extraneous  and  oily  parts  as  may  have  pafled  over  in  the  firft 
diftillation.  At  the  beginning  of  the  rectification,  a very  fpirituous  fluid  pafles  over, 
which,  being  feparated  and  rectified  by  itfelf,  yields  a true  and  fine  ether,  of  a 
very  pleafant  fmell,  and  immifcible  with  water ; which  ether  may  be  added  to  the 
purified  acid  of  the  other  rectifications.  In  this  procefs  * it  is  eflential  to  preferve 
the  phlegm  which  pafles  over  in  the  firft  diftillation,  becaufe  it  contains  the  moft 
fragrant  parts  of  the  fluid,  and  ought,  therefore^  to  be  added  to  the  reft  of  the 
diftilled  product  expofed  to  congelation. 

The  acetous  acid  obtained  in  the  foregoing  procefs  feems  to  be  the  true  con- 
centrated acid,  though  there  may,  perhaps,  be  found  reafons  to  doubt  whether  the 
frequent  exhibition  of  the  vaporous  form  may  not  have  caufed  it  to  imbibe  fome 
principle  from  the  atmofphere.  In  the  other  methods  of  concentrating  this  acid,  there 
appear  fufficient  reafons  to  conclude  that  this  really  happens : thefe  operations  confift 
in  combining  the  diluted  or  weak  acetous  acid  with  an  earth,  alkali,  or  metal,  and 
afterwards  driving  it  off  by  diftillation  from  the  cryftallized  or  dry  fait.  In  many, 
and  perhaps  moft  inftances  of  this  kind  with  acetous  acid,  the  combination  is.  at- 
tended with  the  abforption  of  vital  air  from  the  atmofphere,  which  greatly  increafes 
the  aClivity  of  the  acid  ; and  accordingly  the  acid  afforded  in  diftillation  has 
very  different  properties  from  thofe  of  diftilled  vinegar,  even  when  both  acids  are 
equally  diluted  : thus  the  acid  called  radical  vinegar,  obtained  by  diftillation  from 
the  faline  combination  of  vinegar  and  copper,  which  is  improperly  called  diftilled 
verdigrife,  differs  greatly  from  the  vinegar  made  ufe  of;  and  as  the  combination 
does  not  take  place,  unlefs  refpirable  air  be  abforbed,  it  follows  from  this,  as  well 
as  other  circumftances,  that  pure  radical  vinegar  pofleffes  a higher  degree  of  aci- 
dification in  confequence  of  its  having  abforbed  vital  air. 

As  the  acetous  acid  has  been  long  known  to  chemifts,  its  combinations  with 
earths,  alkalis,  metals,  and  other  bodies,  will  be  noticed  under  the  refpeCtive 
articles;  and  for  its  formation,  and  the  inductions  of  philofophers  concerning  its 
component  parts,  fee  the  word  Vinegar. 

ACID,  AERIAL.  This  name  was  given  by  Bergman  to  the  acid  which  is  mod: 
commonly  diftinguifhed  by  the  name  of  fixed  air.  This  laft  term,  indeed,  carries 
nothing  diftinCtive  in  it,  fince  it  has  been  difcovered  that  all  permanently  elaflie 
fluids,  or  airs,  may  be  fixed  by  combination  with  other  bodies ; befides  which,  as 
the  qualities  of  this  acid  are  as  often  the  fubjeCt  of  enquiry  in  its  elaftic  as  in  its- 
fixed  ftate,  there  is  an  evident  impropriety  in  the  appellation  fixed.  ; neverthelefs, 
as  chemifts  are  not  agreed  in  the  ufe  of  any  other  term,  we  think  it  proper  to 
conform  to  the  name  generally  adopted  See  Air,  Fixed, 

ACID  OF  AMBER.  When  amber  is  fubmitted  to  diftillation  by  a graduated 
heat  in  a retort,  the  products  are  firft  a reddifh  acid  phlegm,  which  fmells  ftrongly 
of  the  amber;  next  a volatile  acid  fait,  which  fublimes  and  forms  final  1 white  or 
yellowifh  needles  that  occupy  the  neck  of  the  retort;  this  is  fucceeded  by  a white 
volatile  oil  of  a pungent  fmell,  but  which  becomes  browner,  more  vifeid,  and 
empyreumatic,  as  the  diftillation  proceeds : and  the  refidue  is  a black,  brittle,  bitumi- 
nous 


* Of  Lowitz,  See  Kier’s  Dictionary,  p.  32. 
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nous  mafs.  It  is  the  white  fublimed  fait  which  is  diftinguilhed  by  the  name  of 
the  acid  of  amber,  and  requires  to  be  further  purified  by  repeated  folutions  and 
cryftallizations.  A pound  of  amber  does  not  afford  more  than  half  an  ounce  of 
this  fait. 

The  acid  of  amber  is  foluble  in  twenty-four  times  its  weight  of  cold  water,  and 
in  a much  lefs  quantity  when  boiling  hot.  Boiling  fpirit  of  wine  takes  up  more 
than  one-third  of:  its  weight,  of  which  a confiderable  portion  feparates  in  cryftals 
by  cooling.  Vitriolic  acid  diffolves  it,  as  do  likewife  the  nitrous,  marine,  acetous, 
and  regaline  acids,  by  the  affiftance  of  heat ; but  it  may  be  again  feparated  from 
them  without  alteration.  Mere  heat  fublimes  it  at  a higher  temperature  than 
yaifes  the  volatile  alkali.  The  addition  of  nitre  caufes  it  to  detonate,  but  the  aerial 
products  of  this  detonation  have  not  been  afcertained. 

The  acid  properties  of  this  fait  are  exhibited  by  its  tafte,  by  its  giving  a red 
colour  to  litmus,  or  heliotropium,  and  to  fyrup  of  violets,  and  alfo  by  its  com- 
bining with  alkalis,  earths,  and  metallic  calces,  with  which  it  forms  peculiar  faline 
compounds. 

When  a folution  of  vegetable  alkali  is  faturated  with  the  acid  of  amber,  and 
flowly  evaporated,  it  affords  a neutral  fait  in  white  tranfparent  cryftals,  which 
have  a bitter  tafte,  are  eafiiy  foluble  in  water,  and  deliquefce  in  the  air : in  the  fire 
they  decrepitate  and  melt,  but  the  acid  is  not  driven  off,  un^efs  perhaps  by  a very 
itrong  heat.  The  neutral  fait  formed  in  the  fame  manner  with  this  acid  and  the 
mineral  alkali  poffeffes  nearly  the  fame  properties,  excepting  that  they  do  not  attract 
humidity  when  expofed  to  the  air.  The  combination  of  volatile  alkali  with  acid  of 
amber  fhoots  into  needle-formed  cryftals,  which  deliquefce  in  the  air,  evaporate 
totally  when  heated  in  a filver  fpoon,  and  fublime  entire  by  heat  in  clofed  veffels. 

Lime  and  ponderous  earth  both  form  falts  of  very  fparing  folubility  with  this 
acid  : magnefia  forms  with  it  a white  faline  mafs  of  a gummy  confidence,  which 
becomes  yellowifh  when  dried  by  the  fire,  but  afterwards  attra&s  moifture  from 
the  air.  Clay  and  the  acid  of  amber  form  a fait  in  prifmatic  cryftals. 

The  various  experiments  neceftary  to  afcertain  the  habitudes  of  the  acid  of  amber 
with  metals  have  not  been  yet  made  and  duly  verified.  Gold  and  platina  have  not 
been  tried.  Silver  is  not  a&ed  upon  in  its  metallic  ftate ; but  if  it  be  previoufiy 
diffolved  in  another  acid,  and  precipitated  by  the  addition  of  an  alkali,  the  preci- 
pitate will  combine  with  the  acid  of  amber,  with  which  it  forms  long  thin  cryftals, 
which  part  with  their  acid  to  alkalis,  and  alfo  to  filver  and  copper.  Copper,  in 
its  metallic  ftate,  forms  with  the  acid  of  amber  a green  folution  that  affords  cryftals. 
Lead  is  not  acfted  upon  in  the  metallic  ftate;  but  its  precipitate  by  alkalis  is  dif- 
folved, and  affords  cryftals:  the  lead  may  be  precipitated  from  this  folution  in  the 
metallic  form,  by  the  addition  of  zinc,  or  in  the  form  of  a grey  calx,  when  an 
alkali  is  added.  Iron  and  its  precipitates  are  diffolved  in  this  acid,  and  the  latter 
afford  cryftals.  Tin  is  taken  up,  but  falls  again  in  the  form  of  a white  calx.  The 
precipitate  of  this  metal  from  an  acid  by  an  alkali  is  alfo  foluble  in  acid  of  amber, 
and  affords,  by  evaporation,  broad,  foliated,  tranfparent  cryftals.  By  digefting  the 
precipitate  of  mercury  by  an  alkali,  for  fome  days,  in  acid  of  amber,  a fhapelefs 
faline  mafs  is  obtained,  from  which  the  mercury  is  precipitated  in  very  fmall  quan- 
tities by  alkali,  copioufly  by  liver  of  fulphur,  and  in  its  metallic  ftate  by  copper. 
Zinc  is  readily  diffolved  in  its  metallic  ftate  by  this  acid  : the  folution  of  precipi- 
tate of  zinc,  obtained  by  alkalis,  affords  cryftals.  Bifinuth,  and  its  precipitate  by 
alkalis,  are  likewife  foluble,  and  the  latter  cryftallizable.  None  of  the  known 
6 metallic 
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metallic  combinations  of  this  acid  are  deliquefcent,  and  they  all  give  out  their  acid 
by  diftillation. 

For  the  order  of  the  attractions  of  this  acid,  fee  Attraction,  Elective. 

ACID  OF  ANTS.  Thefe  infeds  contain  an  acid,  which  they  either  difcharge 
when  irritated,  or  moiften  their  fangs  with  it,  to  render  their  bite  more  painful : it 
may  be  obtained  from  the  ants,  either  by  Ample  diftillation,  or  by  infufion  of  them 
in  boiling  water,  and  fubfequent  diftillation  of  as  much  of  the  water  as  can  be 
brought  over  without  burning  the  refidue  : it  may  be  purified  either  by  repeated 
rectifications  carefully  managed,  or  by  boiling  to  feparate  the  impurities ; or  it. 
may,  after  rectification,  be  concentrated  by  frolt,  which  feparates  part  of  its  water 
in  the  form  of  ice.  If  it  be  faturated  with  fixed  alkali,  then  filtered,  evaporated, 
and  diftilled  with  half  its  weight  of  concentrated  vitriolic  acid,  a very  clear  ftrong 
acid  comes  over.  The  acid  of  ants  obtained  in  this  way  may,  however,  with  great 
juftice,  be  fufpeded  of  having  fuffered  a change  in  its  properties,  of  the  fame  nature 
as  that  which  vinegar  is  fubjed  to,  when  converted  into  radical  vinegar  by  a like 
procefs.  (See  page  5.) 

The  acid  of  ants  exhibits  all  the  ufual  criterions  of  acidity,  fuch  as  reddening 
blue  vegetable  colours  ; it  renders  the  vitriolic  acid  black,  and  gives  the  yellow 
colour  and  fuming  quality  to  pale  nitrous  acid.  When  diftilled  with  ardent  fpirit, 
it  affords  fome  indications  of  an  ethereal  produd ; and  the  concentrated  acid,  ob- 
tained from  its  alkaline  combination  with  alkalis,  affords  a large  proportion  of  ether 
with  ardent  fpirit.  This  appears  to  fhew  that  the  latter  acid  is  altered  by  the  pro- 
cefs it  has  undergone,  during  which  it  probably  becomes  more  completely  acidified, 
by  abforbing  a greater  portion  of  vital  air. 

The  acid  of  ants  unites  with  fixed  vegetable  alkali  and  forms  a neutral  fait  indeli- 
quefcent  cryftals,  from  which  the  acid  may  be  driven  by  heat,  though  not  in  its 
entire  ftate ; for  the  heat  requifite  for  that  purpofe  is  fo  great,  that  the  acid  is 
decompofed,  and  affords  fixed  air  and  inflammable  air.  With  mineral  alkali  this 
acid  forms  a very  foluble,  cryftallizable,  deliquefcent  fait,  which  is  fufpended  in. 
twice  its  weight  of  water  : its  combination  with  volatile  alkali  is  fo  greedy  of  water, 
that  it  cannot  be  exhibited  in  the  cryftalline  form  but  with  great  difficulty. 

Acid  of  ants,  combined  with  lime,  affords  permanent  cryftals  foluble  in  eight 
times  their  weight  of  water,  and  of  a bitter  tafte  ; magnefia  is  attacked  by  it,  and 
forms  an  infipid  cryftalline  fait,  foluble  in  thirteen  parts  of  water.  Ponderous  earth 
afforded  permanent  cryftals,  foluble  in  four  parts  of  water;  and  pure  clay,  or  earth 
of  alum,  unites  with  difficulty  with  it.  None  of  thefe  combinations  are  foluble  in 
ardent  fpirit. 

This  acid  diffolves  iron  and  zinc  very  readily,  but  its  adion  on  copper  is  weak  1 
it  fcarcely  ads  at  all  upon  filver,  lead,  tin,  regulus  of  antimony,  bifmuth,  mercury, 
arfenic,  cobalt,  nickel,  and  gold,  but  it  diffolves  their  calces  : it  does  not  ad  upon 
the  calx  of  platina.  The  falts  formed  by  the  calces  of  filver,  copper,  lead,  bil- 
muth,  and  mercury,  are  cryftallizable. 

ACID  OF  APPLES.  The  acid  which  abounds  in  four  or  unripe  fruits 
exhibits  diftind  properties : as  it  is  plentifully  obtained  from  apples,  the  firft 
examiner,  Scheele,  has  denominated  it  the  Acid  of  Apples.  In  order  to  ob- 
tain it,  the  juice  of  four  apples  is  cxprefied  from  the  fruit,  and  faturated  with 
vegetable  alkali.  To  this  liquor  a folution  of  the  vitriolic  fait  of  lead  muft  be  very 
gradually  added  : a double  decompofition  takes  place ; the  vitriolic  acid  com- 
bines with  the  alkali,  and  forms  vitriolated  tartar,  at  the  fame  time  that  the 
acid  of  apples,  uniting  with  the  lead,  forms  an  infoluble  precipitate.  When  the 
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precipitate  nearly  ceafes  to  fall  down,  the  folution  of  vitriol  of  lead  mud  be  added 
cautioufly,  a drop  at  a time,  until  no  more  precipitate'  is  afforded  : the  vitriolated 
tartar  may  be  wafhed  off  from  the  precipitate ; and  diluted  vitriolic  acid  being  then 
poured  on  the  precipitate,  fugar  of  lead  is  again  formed,  and  the  acid  of  apples  is 
let  at  liberty. 

In  fuch  fruits  as  contain  the  acid  of  lemons,  as  well  as  that  of  apples,  the  fepa- 
ration  of  one  from  the  other  is  accomplilhed  by  the  following  procefs  : The  juice 
of  goofeberries,  tor  example,  is  evaporated  to  the  confidence  of  fyrup  ; pure, 
ardent  fpirit  being  poured  upon  this,  diffolves  the  acids,  and  leaves  the  mucilage, 
which  may  be  feparated  by  filtration  : the  ardent  fpirit  being  then  evaporated,  and 
water  added,  the  acids  mud  be  faturated  with  chalk.  The  folution  being  boiled 
for  a few  minutes,  the  calcareous  fait  of  lemons  fails  to  the  bottom,  on  account  of 
its  difficult  foiubility,  while  the  other  fait,  confiding  of  the  acid  of  apples  united  to 
lime,  remains  fufpended,  and  may  confequently  be  decanted  off.  This  neutral  fait 
not  being  foluble  in  fpirit  of  wine,  may  be  precipitated  by  the  addition  of  a proper 
quantity  of  that  fluid,  which,  at  the  fame  time,  deprives  it  of  a portion  of  fapo- 
naceous  and  faccharine  matter.  The  coagulum,  or  precipitate,  which  confids  for 
the  mod  part  of  the  acid  of  apples,  perfectly  neutralized  by  lime,  may  be  diffolved 
in  boiling  water.  An  addition  of  fugar  of  lead  forms  a precipitate  by  double 
affinity,  as  in  the  drd  cafe,  confiding  of  the  acid  of  apples  united  to  lead;  and  this 
wafhed  precipitate  may  be  decompofed  by  the  addition  of  diluted  vitriolic  acid,  which 
combines  with  the  lead,  and  fets  the  acid  of  apples  at  liberty. 

This  acid  exhibits  peculiar  properties : it  cannot  be  obtained  in  crydals,  and 
forms  deliquefeent  laics  with  the  three  alkalis,  and  alfo  with  magnefia.  Its  faline 
combination  with  lime  is  crydallizable ; and  with  clay  it  forms  a fait  of  very  fparing 
foiubility:  it  diffolves  iron,  with  which  it  forms  a fait  that  does  not  crydallize; 
with  zinc  it  forms  a fait  which  affords  beautiful  crydals.  It  precipitates  the  nitrous 
folutions  of  mercury,  lead,  diver,  and  gold,  in  the  metallic  date.  When  nitrous 
acid  is  repeatedly  diddled  from  it,  it  is  converted  into  acid  of  fogar. 

ACID  OF  ARSENIC,  or  Arsenical  Acid.  The  earlier  chemids  were  em- 
barraded  in  the  determination  of  the  nature  of  the  white  fublimate  which  is  obtained 
during  the  roading  of  cobalt  and  other  metallic  ores,  known  in  commerce  by  the 
name  of  arfenic  : its  foiubility  in  water,  its  power  of  combining  with  metals  in 
their  reguline  date,  together  with  other  apparently  heterogeneous  properties,  ren- 
dered it  difficult  to  determine  whether  it  ought  to  be  clalfed  with  metals  or  falts. 
Subfequent  difeoveries  have  (hewn  the  relation  it  bears  to  both  : when  treated  with 
combudible  matter,  in  clofe  veffels,  it  fublimes  in  the  metallic  form  ; combudion, 
or  any  analogous  procefs,  converts  it  into  a calx  ; and  when  the  combudion  is  car- 
ried dill  further,  by -the  application  of  nitrous  acid,  the  arfenical  bads  becomes 
itfelf  converted  into  an  acid. 

We  are  indebted  to  the  illudrious  Scheele  for  the  difeovery  of  this  acid,  which 
may  be  obtained  by  various  methods.  Two  ounces  of  the  white  calx  of  arfenic, 
reduced  to  powder  in  a glafs  mortar,  are  to  be  put  into  a tubulated  retort,  likewife 
of  glafs  : upon  this  feven  ounces  of  pure  marine  acid,  of  the  fpecific  gravity  of 
J25,  mud  be  poured;  the  mixture  mud  then  be  heated  until  the  arfenic  is  dif- 
folved, and  then,  while  the  folution  is  dill  warm,  three  ounces  and  a half  of  pure 
nitrous  acid,  of  the  fame  fpecific  gravity,  are  to  be  added,  together  with  what  marine 
acid  may  have  come  over  into  the  receiver ; the  receiver  may  then  be  again 
applied,  but  not  luted,  and  the  didillation  continued.  The  mixture  froths  and 
emits  red  nitrous  fumes,  part  of  which  are  condenfed  in  the  receiver  in  coloured 
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or  phlogifticated  nitrous  acid.  As  foon  as,  in  the  progrefs  of  the  operation,  the  red 
vapours  have  ceafed  to  appear,  an  ounce  of  finely  powdered  arfenic  is  to  be  again 
added,  and  the  folution  effected  as  before,  by  a gentle  ebullition.  To  this  an  ounce 
and  a half  of  frelh  nitrous  acidjnuft  be  added,  which  will  produce  a fecond  effer- 
vefcence  and  difcharge  of  red  vapours  : the  diftillation  mull  now  be  continued  to 
drynefs,  and  the  fire  mult  be  urged  towards  the  end,  to  luch  a degree  as  to  make 
the  refidual  white  mafs  thoroughly  red  hot.  This  mafs  is  the  dry  acid  of  arfenic;, 
which  may  either  be  preferved  in  that  form  in  a clofed  vefifel,  or  may  be  dififolved 
by  boiling  it  for  a few  minutes  in  twice  its  weight  of  diftilled  water.  The  folution, 
after  fubfidence,  or  filtration  through  blotting  paper,  previoufly  wafhed  in  hot 
water*,  is  the  liquid  acid  of  .arfenic. 

This  procefs  confifts  in  nothing  more  than  a judicious  application  of  nitrous 
acid  to  the  white  arfenic,  which  it  acidifies  either  by  the  communication  of  vital 
air,  the  abftradtion  of  phlogifton,  or  perhaps  by  both  ; but,  in  a word,  by  effecting 
the  fame  change  as  is  produced  by  combuftion,  whatever  may  be  the  theory  of 
that  procefs.  As  the  white  arfenic  is  fcarcely  foluble  in  nitrous  acid,  and  as  the 
violent  effervefcence  produced  by  adding  aqua-regia,  or  a mixture  of  marine  and 
nitrous  acid,  to  this  fubflance,  is  found  to  throw  the  powder  up  to  the  furface  before 
folution  can  take  place,  it  is  evidently  moft  convenient  to  divide  the  arfenic,  by 
previous  folution  in  marine  acid,  in  order  that  the  nitrous  acid  may  with  faci- 
lity adt  upon  all  its  parts.  This  appears  to  be  the  ufe  of  the  marine  acid.  The 
ignition  at  the  end  of  the  operation  ferves  to  drive  off  the  adventitious  acids  which 
might  remain  together  with  that  of  arfenic;  and  from  this  circumftance  it  is  feen 
how  much  more  fixed  the  arfenical  acid  is  than  the  calx  itfelf.  This  acid,  which 
appears  to  be  fcarcely,  if  at  all,  lefs  poifonous  than  arfenic  itfelf,  has  no  tafte  when 
perfedtly  dry ; which  feems  to  arife  from  its  not  readily  combining  with  water, 
though  it  is  foluble  in  a fmall  proportion  of  that  fluid,  and  even  attradls  it  from 
the  atmofphere,  and  deliquefces  in  procefs  of  time.  The  glafs  retort  is  much  cor- 
roded during  this  operation,  and  the  acid,  after  folution  in  water,  depofits  an  earth 
which  is  found  to  be  filiceous.  It  is  not  clear,  however,  from  this  circumftance,  that 
the  dry  arfenical  acid  diflolves  filiceous  earth,  becaufe  the  glafs  may,  with  equal 
probability,  be  fuppofed  to  fuller  decompofition  by  virtue  of  a fuperior  affinity  be- 
tween the  alkali  of  the  glafs  and  itfelf 

The  inventor  likewife  converted  arfenic  into  an  acid  by  means  of  manganefe. 
This  metallic  calx  is  known  to  be  capable  of  affording  vital  air  during  any  procefs, 
by  which  it  is  brought  nearer  to  the  metallic  ftate  : it  therefore  produces,  in  many 
bodies  to  which  it  may  be  properly  applied,  changes  fimilar  to  thofe  effedled  by 
combuftion ; that  is  to  fay,  according  to  the  ancient  theory,  it  dephlogifticates  them. 
If  one  part  of  powdered  manganefe  be  mixed,  in  a tubulated  retort,  with  three  parts 
of  the  above  defcribed  marine  acid,  the  veffel  being  of  fuch  a fize  as  that  the 
mixture  (hall  occupy  one  fourth  of  its  capacity  ; and  if  one  fourth  of  white  pow- 
dered arfenic,  with  the  addition  of  one  eighth  of  diftilled  water,  be  put  into  a re- 
ceiver, which  is  then  to  be  luted  on,  and  diftillation  be  effected  by  a fand  heat,  the 
manganefe  will  convert  the  marine  acid  into  that  aeriform  fluid,  which  is  known  by 
the  name  of  dephlogifticated  marine  acid.  This  acid  will  be  abforbed  by  the  water 
in  the  receiver,  where  it  will  produce  an  effedt  upon  the  arfenic,  of  the  fame  nature 
as  that  which  itfelf  fuftained  in  the  retort  from  the  manganefe,  that  is  to  fay,  it  will 
dephlogifticate  it,  or  communicate  that  vital  air  which  is  necefiary  to  convert  it  into 
an  acid.  During  the  courfe  of  feme  hours  the  arfenic  will  be  diflolved,  and  two 
different  liquid  ftrata,  which  will  not  mix  together,  will  be  perceived  in  the  re- 
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ceiver.  This  folution  may  now  be  put  into  a clean  glafs  retort,  and  diftilled  to 
drynefs  by  a fire  which  mu  ft  be  raifed  to  ignition  at  the  end  of  the  procefs.  In 
this  operation,  likewife,  two  different  liquids  pafs  over  into  the  receiver,  and  do 
not  unite  together.  A white  mafs  remains  in  the  retort,  which  is  the  acid  of 
■arfenic. 

The  two  different  liquids  are  ftated  by  Scheele  to  confift  of  liquid  butter  of 
arfenic,  and  folution  of  arfenical  acid  : for  the  dephlogifticated,  or  aerated  marine 
acid,  which  comes  over  in  the  operation  with  manganefe,  acidifies  part  of  the 
arfenic  in  the  receiver,  and  is  itfelf  by  that  means  again  converted  into  common 
marine  acid,  which  diffolves  a portion  of  the  arfenic  that  yet  remains  unchanged; 
This  laft  folution  being  much  heavier  than  the  other,  occupies  the  lower  place. 

The  arfenical  acid  was  likewife  obtained  more  than  forty  years  ago,  by  the 
celebrated  Macquer,  who  fuppofed  It  to  be  mere  arfenic.  Pelletier  has  repeated 
the  procefs,  by  mixing  white  arfenic  with  the  faline  combination  of  nitrous  acid 
and  volatile  alkali,  and  diddling  the  mixture.  Fuming  nitrous  acid  firft  paffes 
over,  and  afterwards  the  volatile  alkali,  while  the  arfenic  is  left  behind  in  the  flate 
of  an  acid. 

The  white  calx  of  arfenic  gains  about  one  ninth  of  additional  weight  by  being 
converted  into  an  acid  : this,  however,  muff  vary,  if  it  fliould  appear,  upon  expe- 
riment, that  the  calx  of  arfenic  is  not  always  accurately  in  the  fame  flate. 

The  acid  of  arfenic  is  again  reduced  by  treatment  with  inflammable  matter. 
If  one  ounce  of  dry  acid  of  arfenic  be  expofed  to  a temperature  nearly  approach- 
ing to  ignition,  it  flows  into  a clear  liquid,  which  when  cold  is  of  a milky  colour; 
but  if  the  heat  be  raifed  to  fuch  a degree  as  to  foften  the  glafs  retort,  the  acid 
begins  to  boil,  and  a fublimation  of  arfenical  calx  takes  place,  which  continues 
as  long  as  the  ebullition  is  kept  up.  In  the  experiment  of  Scheele,  the  acid  was 
loft  by  the  melting  of  the  retort  at  the  end  of  half  an  hour : the  fame  quantity. of 
dry  acid  of  arfenic  was  diffipated  by  heat  in  an  open  crucible  in  a quarter  of  an 
hour,  probably  becaufe  the  heat  was  greater.  The  vapours  received  under  a 
glafs  veffel  confifted  in  the  white  calx  of  arfenic,  and  not  the  arfenical  acid.  A 
lmall  quantity  of  clear  glafs,  difficultly  fufible,  remained  in  the  crucible,  and  was 
found  to  confift  of  clay  and  arfenical  acid.  In  the  humid  way,  the  arfenical  acid  is- 
not  affedted  by  digeftion  with  charcoal ; but  if  the  mixture  be  put  into  a retort, 
and  the  moifture  driven  off  by  heat,  which  is  afterwards  to  be  increafed  until  a 
low  ignition  is  produced,  the  mafs  at  this  laft  period  takes  fire  fuddenly,  the  whole 
of  the  acid  being  reduced  and  fublimed  into  the  neck  of  the  retort.  Moft  of  this 
produdl  confifts  of  the  regulus-,  or  arfenic  in  the  metallic  flate,  the  reft  confiding 
of  the  white  calx  of  arfenic  with  powder  of  charcoal,  no  doubt  raifed  before  the 
complete  reduction  had  time  to  take  place.  No  veftige  of  acid  is  found  in  this 
operation,  but  a few  drops  of  water  are  found  in  the  receiver,  which  muft  not  be 
applied  until  the  whole  of  the  moifture  of  the  original  mixture  has  been  diffipated. 
This  experiment  fucceeds  equally  with  the  arfenical  acid  prepared  by  means  of 
manganefe.  After  fome  days  digeftion  of  the  acid  of  arfenic  with  oil  of  turpentine, 
undtuous  oil,  and  fugar,  the  mixture  becomes  thick  and  black;  and  if  fome  marine 
acid  be  abftradted  from  this  by  a gentle  heat,  it  is  found  to  contain  arfenic,  or  the 
white  calx,  as  is  proved  by  the  addition  of  a fmall  portion  of  nitrous  acid,  and 
diftillation,  according  to  the  firft  procefs  for  obtaining  the  acid  of  arfenic.  Spirit  of 
wine  is  not  changed  either  by  digeftion  or  diftillation  with  the  acid  of  arfenic. 
One  part  of  fulphur  digefted  with  lix  of  this  acid  fuffers  no  change  ; but  when  the- 
mixture  is  evaporated  to  drynefs,  and  diftilled  in  a glafs  retort  with  a receiver, 
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a fudden  and  almoft  inftantaneous  combination  takes  place  at  the  heat  which  melts 
the  fulphur.  The  whole  mafs  rifes  at  once  in  the  form  of  a red  fublimate,  and  a 
volatile  fulphureous  acid  is  found  in  the  receiver. 

The  foregoing  experiments  may  in  general  be  explained  upon  the  common  prin- 
ciples of  thofe  redu&ions  by  which  calcined  or  burned  bodies  have  their  ftate  of  com- 
buftibility  reftored  ; that  is  to  fay,  by  the  tranfmiffion  of  the  principle  of  inflamma- 
bility, or  phlogifton,  from  fome  other  combuftible  body,  or  the  extrication  of  vital 
air,  which  is  either  volatilized,  or  transferred  from  the  reduced  fubftance  to  that 
which  is  employed  in  the  redu&ion.  Thefe  theories  correfpond  with  the  redudtion 
of  arfenical  acid  into  the  metallic  ftate  by  heating  it  with  charcoal ; the  phlo- 
gifton of  the  charcoal  being  either  transferred  to  the  arfenical  acid,  which  it  reduces 
at  the  fame  time  that  the  charcoal  becomes  burned  ; or  otherwife,  the  effeft:  being 
produced  fimply  by  the  tranfmiffion  of  vital  air  from  the  arfenical  acid  to  the 
charcoal ; or  thirdly,  by  a mutual  transfer  of  both  thefe  principles,  according  to 
fuch  chemifts  as  find  fufficient  reafon  to  combine  the  theory  of  Stahl  with  that  of 
the  moderns.  The  firft  experiment,  however,  in  which  the  arfenical  acid  is  re- 
duced by  mere  heat  in  a clofed  veffel,  is  not  fo  eafily  explained  according  to  the 
dodtrine  of  phlogifton.  The  great  dlfcoverer  of  this  acid,  Scheele,  retaining  the 
dotftrine  that  combuftion  is  occafioned  by  the  tranfmiffion  of  a principle  of  inflam- 
mability, was  driven  to  the  conclufion,  from  this  fadt,  and  others  of  the  like  nature, 
that  mere  heat  contains  that  principle,  and  that,  in  the  prefent  inftance,  the  arfenical 
acid  becomes  reduced  by  virtue  of  a decompofition  of  the  matter  of  heat,  one  of 
whofe  principles,  namely,  phlogifton,  was  fuppofed  to  combine  with  and  revive  the 
arfenical  acid.  To  thofe  who  confider  the  exiftence  of  a matter  of  heat  as  neither 
proved  nor  probable,  and  who  even,  if  inclined  to  admit  that  exiftence,  might 
ftill  be  difpofed  to  doubt  whether  it  were  compounded,  and  of  what  parts,  the 
explanation  of  Scheele  will  probably  appear  rafh  and  embarraffed;  and  to  fuch  the 
explanation  of  the  modern  theory  will  be  attended  with  peculiar  felicity.  In  this 
theory,  the  arfenical  acid  being  taken  to  confift  of  vital  air  united  with  the  metal, 
arfenic  is  reduced  fimply  by  the  expulfion  of  that  vital  air  by  heat ; a phenomenon 
by  no  means  fingular,  and  which  indeed  only  requires  the  teft  of  experiment  in 
the  prefent  inftance,  to  conftitute  one  of  the  ftrongeft  arguments  in  its  favour. 

In  the  laft  experiment  with  fulphur  it  appears  that  this  fubftance  is  not  difpofed 
to  combine  with  arfenic,  unlefs  it  be  confiderably  reduced.  During  this  procefs, 
part  of  the  fulphur  is  therefore  burned,  and  converted  into  volatile  vitriolic  acid, 
either  by  the  abforption  of  part  of  the  vital  air  of  the  arfenic,  or  by  the  communi- 
cation of  a portion  of  its  phlogifton. 

Acid  of  arfenic,  faturated  with  fixed  vegetable  alkali,  by  the  teft  of  the  folution 
of  lacmus,  produces  a neutral  deliquefcent  fait,  which  cannot  be  reduced  to  cryftals : 
but  if  as  much  acid  be  added  as  lhall  enable  the  folution  to  redden  lacmus,  and 
produce  no  change  upon  fyrup  of  violets,  the  folution  will  afford  fine  cryftals. 
When  this  fait  was  urged  by  a ftrong  heat  for  an  hour,  in  a crucible  upon  which 
another  was  luted,  and  the  whole  was  fuffered  to  growr  cold,  the  infide  of  the 
crucible  was  found  covered  with  a white  glazing,  but  the  remaining  fait,  when 
examined  by  folution  and  cryftallization,  was  found  to  poffefs  the  fame  excels  of 
acid  as  before.  This  cryftallized  fait  being  expofed  to  a red  heat  in  a crucible, 
with  one  eighth  of  its  weight  of  charcoal  powder,  boiled  violently,  and  a very  fine 
regulus  of  arfenic  was  fublimed  : the  refidue  was  alkaline,  and  exhibited  no  trace 
ef  the  arfenical  acid. 
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The  mineral  alkali,  when  perfectly  faturated  with  arfenical  acid,  forms  a crvf- 
tallizable  fait  refembling  that  laft  mentioned.  If  an  excefs  of  acid  be  added,  the 
fait  proves  deliquefcent,  and  does  not  cryftallize. 

Volatile  alkali,  faturated  with  the  arfenical  acid,  affords  a fait  in  cryftals  refem- 
bling the  foregoing  : it  lofes  its  tranfparency  by  heat,  which  diffipates  the  volatile 
alkali.  This  fait  comes  over  in  the  fluid  ftate,  after  which  the  refidue  melts,  and 
arfenic  is  fublimed  : a white  mafs  remains,  which  likewife  melts  in  a ftronger  heat, 
and  proves  to  be  the  acid  of  arfenic.  During  this  procefs  a difengagement  of  that 
peculiar  fluid,  which  is  known  by  the  name  of  phlogifticated  air,  takes  place  juft 
as  the  arfenic  is  fublimed.  It  appears,  therefore,  that  the  firft  heat  difengages  part 
of  the  volatile  alkali  ; but  that  the  laft  portion  of  the  volatile  alkali  adheres  fo  ftrongly 
to  the  acid  of  arfenic,  as  to  remain  until  the  heat  has  become  fufflcient  to  decom- 
pofe  it  into  its  component  parts,  which,  from  other  experiments,  are  known  to  be 
inflammable  air  and  phlogifticated  air.  The  phlogifticated  air  flies  off,  while  the 
inflammable  air  affords  phlogifton  to  a portion  of  the  acid,  which  then  fublimes 
in  the  form  of  the  white  calx;  or  other  wife,  according  to  the  antiphlogiftic  theory, 
the  inflammable  air  unites  with  a portion  of  the  vital  air  of  the  arfenic,  which  thus 
becomes  reduced.  The  conjunilion  of  thefe  two  airs  is  faid  to  form  water,  though 
Dr.  Prieftley  has  rendered  that  pofition  fomewhat  doubtful.  See  Volatile  Al- 
kali ; and  alfo  Water. 

The  acid  of  arfenic  does  not  take  the  alkali  either  from  vitriolated  tartar  or 
Glauber’s  fait,  in  the  humid  way  ; in  the  dry  way  it  dccompofes  both,  but  the 
former  requires  a ftronger  heat  than  the  latter.  One  part  of  purified  nitre  being 
diftilled  with  three  parts  of  acid  of  arfenic,  the  humidity  of  the  mafs  pafled  over 
firft,  after  which  followed  nitrous  acid  ; the  refidue  contained  the  neutral  arfenical  fait 
of  Macquer,  and  fome  undecompofed  nitre.  Common  fait,  diftilled  with  three  times 
its  weight  of  arfenical  acid,  was  in  part  decompofed  : a portion  of  marine  acid 
pafled  over  into  the  receiver,  and  the  refidue  confifted  of  common  fait  and  ma- 
rine alkali  fuperfaturated  with  acid  of  arfenic.  One  part  of  fal-ammoniac  was 
diftilled  with  three  parts  of  acid  of  arfenic:  marine  acid  with  water  firft  came 
over;  this  was  followed  by  a more  concentrated  marine  acid,  at  the  fame 
time  that  the  remaining  mafs  entered  into  fufion.  Immediately  afterwards  a 
white  fmoke  filled  the  retort,  a white  powder  was  fublimed,  a pungent  volatile 
alkali  pafled  over  into  the  receiver,  and  a refiduum  of  arfenical  acid  was  left  in  the 
retort  : the  white  powder  which  arofe  proved,  upon  examination,  to  confift  of  fal- 
ammoniac,  with  a portion  of  calx  of  arfenic.  Upon  a repetition  of  the  experiment, 
with  a bladder  applied  inftead  of  a receiver,  it  was  found  that  phlogifticated  air  was 
extricated  at  the  time  the  fublimate  rofe:  from  which  circumftance  it  follows,  that 
part  of  the  acid  of  arfenic  firft  combined  with  part  of  the  volatile  alkali  of  the  fal- 
ammoniac,  and  caufed  the  difengagement  of  marine  acid  ; that  when  the  heat  was 
increafed,  the  fal-ammoniac  was  fublimed,  and  foon  afterwards  the  volatile  alkali, 
and  a portion  of  phlogifticated  air  from  that  part  of  the  volatile  alkali  which 
afforded  inflammable  air  to  revive  the  arfenic,  which  was  driven  up  nearly  at  the 
fame  time.  The  theories  of  the  revivification  of  the  arfenic  have  already  been  fuffi- 
ciently  infifted  on. 

Gypfum,  or  felenite,  mixed  with  two  parts  of  dry  acid  of  arfenic,  gave  out  vitriolic 
acid  by  a red  heat,  and  the  remainder  fufed  into  an  opake  milky  glafs.  Ponderous 
fpar,  or  the  combination  of  vitriolic  acid  and  ponderous  earth,  produced  nearly 
the  fame  appearances,  though  with  a ftronger  heat.  Twelve  parts  of  acid  of  arfenic 
are  required  to  decompofe  one  of  fluor  fpar.  The  fparry  acid  comes  over  together  with 
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filiceous  earth,  which  it  takes  from  the  glafs,  and  depofits  as  it  comes  in  contad  with 
water  placed  for  that  purpofe  in  the  receiver. 

When  acid  of  arfenic  is  dropped  into  lime-water,  it  forms  a combination  with 
that  earth  which  falls  down,  but  is  again  diffolved  if  more  acid  be  added.  This 
folution  affords  fmall  cryftals  by  evaporation.  The  vitriolic  acid  takes  the  lime 
from  a folution  of  thefe  falts.  The  precipitate  of  lime,  combined  with  the  acid  of 
arfenic,  forms  a thick  flux  after  flrong  calcination  for  an  hour  in  a covered  crucible, 
but  it  flill  retains  the  acid.  When  equal  meafures  of  this  calcareous  fait  and  char- 
coal powder  are  expofed  to  flrong  heat  in  a retort,  a fhining  regulus  is  fublimed, 
and  the  refidue  confifts  of  quicklime  mixed  with  charcoal  and  fome  arfenic. 

Magnefia  is  foluble  in  the  arfemcal  acid,  but  coagulates  near  the  point  of  fatu-  • 
ration.  If  the  fluid  be  evaporated  when  the  quantity  of  magnefia  is  not  fufficienn 
to  form  the  coagulum,  it  grows  gelatinous,  and  the  gelatinous  part  does  not  afford 
cryftals  by  folution  in  water  and  evaporation.  The  phenomena  of  this  magne- 
fian  fait,  in  the  dry  way,  with  charcoal,  nearly  refembles  thofe  of  lime  in  limilar 
circumftances. 

Pure  clay,  or  the  earth  which  is  precipitated  by  vegetable  alkali  from  a folution 
of  alum,  is  eafily  foluble  in  the  acid  of  arfenic,  but  coagulates  as  foon  as  it  arrives 
at  the  point  of  faturation  : its  acid  is  not  driven  off  by  mere  heat.  If  the  folution 
of  this  neutral  fait  be  evaporated  to  drynefs,  and  then  mixed  with  a little  charcoal 
powder,  and  expofed  to  diftillation  with  a flrong  heat,  a fmall  quantity  of  yellow 
fublimate  rifes  into  the  neck  of  the  retort,  and  likewife  fome  fhining  regulus,  at  the 
fame  time  that  volatile  fulphureous  acid  paffes  over  into  the  receiver  : the  refiduum 
does  not  appear  to  be  pure  clay,  for  it  is  difficultly  foluble  in  vitriolic  acid,  with 
which,  however,  it  forms  fome  alum  in  the  fpace  of  two  months.  The  acid  of 
arfenic  ads  yery  fparingly  upon  common  white  clay  in  the  humid  way,  but  thefe 
fubftances  unite  in  a flrong  red  heat. 

The  precipitation  afforded  by  adding  vitriolic  acid  to  the  liquor  of  flints  was 
not  at  all  aded  upon  by  the  acid  of  arfenic,  either  in  the  humid  or  dry  way. 

Ponderous  earth  is  readily  diffolved  in  the  acid  of  arfenic,  but  the  combination 
precipitates  as  foon  as  it  has  arrived  at  its  point  of  faturation.  This  fait  exhibits 
the  fame  appearances  in  the  dry -way  as  the  combinations  of  arfenical  acid  and 
lime. 

The  acid  of  arfenic  being  applied  to  the  filings  of  the  metals,  in  a long- 
necked flafk,  to  prevent  its  redudion,  ads  upon  feveral  of  them  in  a digefting 
heat.  Gold  and  platina  are  fcarcely  aded  upon.  Silver  is  not  attacked  by  diges- 
tion ; but  when  the  acid  comes  to  be  fufed,  the  metal  is  diffolved,  and  affords  a 
colourlefs  glafs,  which  is  nearly  transparent  ,*  foluble  in  water,  with  the  lofs  of 
greateft  part  of  the  filver,  which  fubfides  in  the  form  of  a brown  powder,  contain- 
ing a minute  portion  of  the  acid,  and  reducible,  like  the  other  precipitates  of  filver, 
by  mere  heat.  Mercury  is  not  attacked  by  the  arfenical  acid,  in  the  heat  of  di- 
geftion  ; but  when  the  acid  and  mercury  are  urged  in  a retort,  by  an  heat  which 
is  near  melting  the  veffel,  part  of  the  mercury  combines  with  the  acid,  and  forms 
a yellowifh  mafs  of  extremely  difficult  fufion,  very  fixed,  and  foluble  in  water. 
Diluted  nitrous  and  vitriolic  acids  have  fcarcely  any  effed  on  it,  but  marine  acid 
readily  diffolves  it.  This  folution,  by  evaporation  to  drynefs,  and  diftillation,  af- 
fords corrofive  fublimate,  and  the  refidue  is  arfenical  acid : whence  it  follows,  that 
the  mercury  in  the  arfenical  combination  muft  have  been  perfedly  calcined.  Cop- 
per is  diffolved  by  the  arfenical  acid  in  digeftion,  and  affords  a green  folution. 
One  part  of  copper  filings,  mixed  with  two  of  dry  arfenical  acid, '"affords  a blue 
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mafs  by  fufion,  at  an  elevated  degree  of  heat,  which  is  foluble  in  water ; and  then 
proves  to  be  the  fame  combination  as  was  produced  by  digeftion.  The  watery 
folution  lets  fall  a -light  blue  powdery  matter,  confiding  of  a combination  of  copper 
with  arfenical  acid.  Iron  likewife  is  attacked  by  this  acid  during  digeftion,  and 
the  whole  folution  at  laft  grows  gelatinous,  if  the  digeftion  be  performed  in  an  open 
veffel.  If  the  digeftion  be  performed  in  a long-necked  or  clofe  veffel,  it  does  not 
become  gelatinous,  but  will  afterwards  become  fo  if  expofed  to  the  air.  In  the  dry 
way,  when  one  part  of  iron  filings  is  diftilled  with  four  of  acid  of  arfenic,  the  mafs 
makes  a great  effervefcence  towards  the  end;  and,  when  it  becomes  dry,  it  takes 
fire  upon  increafing  the  heat ; arfenic  and  regulus  of  arfenic  being  fublimed,  and  a 
‘black  friable  refiduum  being  left  at  the  bottom,  which  contains  but  little  acid  of 
arfenic.  In  this  procefs  it  appears,  that  the  iron,  which  is  a metal  very  much  ex- 
pofed  to  combuftion  or  calcination,  fuddenly  deprives  the  arfenical  acid  of  its  vital 
air,  and  reduces  it  to  the  ftate  of  calx  and  regulus ; at  the  fame' time  that,  according 
to  the  ancient  hypothefis,  phlogifton  paffes  from  the  metal  to  the  acid.  Little 
effed  is  produced  upon  lead  by  digeftion  with  the  arfenical  acid ; but  the  combina- 
tion takes  place  by  fufion  in  the  dry  way,  which  affords  afemi-opake  glafs.  When 
this  is  boiled  in  diftilled  water,  the  lead  falls  down  in  the  form  of  a white  powder, 
containing  arfenical  acid,  but  which  does  -not  afford  arfenic  by  heat,  unlefs  char- 
coal be  added.  Tin,  digefted  with  arfenical  acid,  grows  black  at  firft  ; afterwards 
becomes  covered  with  a white  powder,  and  at  laft  the  whole  mafs  becomes 
gelatinous.  In  the  dry  way,  one  part  of  tin  filings  with  two  of  the  acid,  heated 
in  a retort,  took  fire  when  ignited  ; and  the  calx  and  regulus  of  arfenic  immediately 
fublimed;  leaving  a limpid  folution  of  tin,  which,  when  cooled,  was  of  a milky 
colour  : this,  when  diffolved  in  diftilled  water,  depofited  a white  calx,  which  con- 
tained very  little  acid  of  arfenic. 

Zinc  is  the  only  metallic  fubftance  which  effervefces  when  digefted  with  the 
arfenical  acid.  The  zinc  grows  black,  and  the  tranfparency  of  the  acid  is  deftroyed 
by  a quantity  of  black  powder,  which,  on  examination,  by  burning  on  a red  hot 
iron,  proves  to  be  regulus  of  arfenic.  This  precipitated  regulus  foon  defends  the 
zinc  from  further  folution.  The  air  which  efcapes  during  the  effervefcence  is  in- 
flammable, holding  regulus  of  arfenic  in  folution,  which  it  depofits  on  burning. 
Either  of  the  chemical  theories  will  ferve  to  explain  thefe  effedls,  for  the  zinc  is 
calcined  by  receiving  the  vital  air  of  the  acid,  while  it  is  fuppofed  to  give  out  phlo- 
gifton enough  to  reduce  the  acid  balls  to  a regulus,  and  to  afford  the  inflammable 
air  which  efcapes  : or,  in  the  other  theory,  it  will  be  faid,  that  the  zinc,  having  a 
ftrong  tendency  to -combine  with  vital  air,  and  become  calcined,  cannot  decompofe 
water  at  a moderate  temperature,  unlefs  an  acid  be  prefent,  to  remove  the  coating  of 
a calx  by  folution  as  faftas  it  is  formed,  which  mere  water  cannot  do.  This,  there- 
fore, is  the  firft  confequence  of  the  mutual  aftion  of  water,  zinc,  and  the  acid  ; 
namely,  vital  air  quits  the  water  to  unite  with  the  zinc,  and  inflammable  air  flies 
off  at  the  fame  time  that  the  acid  combines  with  the  calx  of  zinc.  But  of  the  two 
metallic  bafes,  which  are  here  combined  by  the  intermedium  of  vital  air,  the  zinc 
■ has  a ftrong- tendency  .to  calcination,  and  the  arfenic  to  become  revived  : it  appears, 
therefore,  from  the  fadts,. that '.the  zinc,  attracting  the  vital  air  more  ftrongly,  be- 
comes ftill  more  calcined,  and  confequently  lefs  foluble;  while  the  arfenic  is  reduced 
by  the  lots  of  its  vital  air.  Whence  it  muft  follow,  that  the  metallic  zinc  which 
remains,  being  enveloped  with  calx  of  zinc  and  metallic  arfenic,  can  no  longer  be 
aCted  on  by  the  acid  and  water,  which  ftill  continue  undecompofed.  On  this,  and 
Similar  occafions,  it  cannot,  however,  be  too  often  repeated  to  the  chemical  ftudent. 
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that  theories  ought  to  be  cautioully  followed,  as  of  ufe  in  the  arrangement  of  fads, 
and  in  directing  the  path  to  future  inveftigations ; that  difcriminating  phenomena 
ought  to  be  earneftly  fought  after,  becaule  of  infinitely  more  value  than  the  mo  ft: 
ingenious  fpeculations ; and  that  an  attachment  to  fyftem,  though  it  frequently 
gives  life  and  energy  to  the  exertions  of  genius,  is  in  general  a certain  fource  of  pre- 
judices, which  difable  the  enquirer  from  purfuing  the  fearch  after  truth,  and  fix  his 
mind  upon  words  inftead  of  things. 

In  the  dry  way,  when  one  part  of  the  filings  of  zinc  was  mixed  with  two  of  the 
arfenical  acid,  and  diftilled,  the  mafs  took  fire,  with  a very  bright  inflammation, 
as  foon  as  the  retort  became  red  hot:  the  veffel  was  burft  by  the  explofion  ; and  in 
its  neck  were  found  regulus  of  arfenic,  and  flowers  of  zinc.  This  effedt  may  be 
explained  from  the  fame  confiderations  as  were  applied  to  the  combuftion,  which 
takes  place  in  like  circumftances  with  iron. 

Bifmuth  is  aded  upon  by  the  arfenical  acid,  in  digeftion.  Water  precipitates  a 
powder  from  the  folution,  which  confifts  of  acid  of  arfenic  combined  with  calx  of 
bifmuth.  In  the  dry  way,  bifmuth  is  calcined  by  this  acid,  but  not  diflolved,  a little 
arfenic  being  fublimed  ; and  if  water  be  added  to  the  cooled  mafs,  the  acid  is  taken 
up,  but  the  calx  remains.  Regulus  of  antimony  is  affeded  nearly  in  the  fame  man- 
ner as  bifmuth,  in  the  humid  way  ; but,  in  the  dry  way,  an  inflammation  takes 
place  at  the  time  of  fufion.  By  digeftion  with  cobalt,  the  acid  of  arfenic  aflumed  a 
rofe-colour;  but  much  of  the  cobalt  remained  un diflolved.  The  whole  mafs  being 
diftilled  to  drynefs,  and  fufed,  afforded  glafs  of  a violet  colour  and  femi-tranfpa- 
rent.  Nickel  communicates  a green  colour  to  this  acid  by  digeftion;  a quan- 
tity of  green  powder,  mixed  with  arfenic,  being  precipitated  : the  arfenic  may 
be  feparated  by  a gentle  heat.  In  the  dry  way,  the  acid  combines  with  nickel,  and 
forms  a yellow  mafs  with  grey  ftreaks  upon  it,  refembling  a vegetation.  By  boiling 
in  water,  the  acid  is  taken  up,  and  a yellow  powder  left  behind,  confifting  of  a com- 
bination of  nickel  and  arfenic,  moft  probably  in  the  acid  ftate  : the  arfenic  i3 
reduced  with  charcoal,  but  the  nickel  is  not.  Calx  of  manganefe  is  fcarcely  adted 
upon  by  acid  of  arfenic ; bur,  when  the  manganefe  is  partly  or  entirely  reduced,  it 
is  diflolved  in  the  humid  way,  and  affords  cryftals  as  foon  as  the  acid  is  nearly  fatu- 
rated.  The  regulus  of  arfenic,  digefted  with  the  arfenical  acid,  becomes  covered 
with  a white  powder  of  arfenical  calx.  When  one  part  of  the  regulus  was  mixed 
with  two  parts  of  the  dry  acid,  and  expofed  to  diftillation,  the  regulus  was  fublimed 
before  the  heat  was  fufficiently  great  to  fufe  the  acid,  and  confequently  no  mutual 
adtion  took  place  ; but  when  the  acid  was  firft  fufed,  and  the  regulus  added 
fucceflively  in  fmall  lumps,  inflammation  took  place,  and  calx  of  arfenic  was., 
fublimed. 

ACID  OF  BENZOIN.  This  acid,  which  is  commonly  known  by  the  name 
of  flowers  of  benzoin,  or  benjamin,  is  obtained  by  fublimation  from  that  refinous 
fubftance.  The  operation  is  eafily  made,  and  affords  a very  elegant  and  pleating 
example  of  this  chemical  proccfs.  For  this  purpofe  a thin  ftratum  of  powdered 
benzoin  is  fpread  over  the  bottom  of  a glazed  earthen  pot,  to  which  a tall  conical 
paper  covering  is  fitted  : a gentle  heat  is  then  to  be  applied  to  the  bottom  of  the 
pot,  which  fufes  the  benzoin,  and  fills  the  apartment  with  a fragrant  fmell,  arifing 
from  a portion  of  effential  oil  and  acid  of  benzoin  which  are  diflipated  into  the 
air;  at  the  fame  time  the  acid  itfelf  rifes  very  fuddenly  in  the  paper  head,  which 
may  be  occafionally  infpedled  at  the  top,  though  with  feme  little  care,  becaufe  the 
fumes  will  excite  coughing.  This  faline  fublimate  is  condenfed  in  the  form  of 
long  needles,  or  ftrait  filaments  of  a white  colour,  crofting  each  other  in  ail  direc- 
tions... 
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fions.  When  the  fait  ceafes  to  rife,  the  cover  may  be  changed,  a new  one  applied, 
and  the  heat  raifed : more  flowers  of  a yellowifh  colour  will  then  rife,  which 
require  a fecond  fublimation  to  deprive  them  of  the  empyreumatic  oil  they 

contain. 

The  fublimation  of  the  flowers  of  benzoin  may  be  conveniently  performed  by 
fubftituting  an  inverted  earthen  pan  inftead  of  the  paper  cone.  In  this  cafe  the 
two  pans  fbould  be  made  to  fit,  by  grinding  on  a {tone  with  fand,  and  they  rauft  be 
luted  together  with  paper  dipped  in  pafte.  This  method  feems  preferable  to  the 
other,  where  the  prefence  of  the  operator  is  required  elfewhere.  The  heat  applied 
muft  be  very  gentle,  and  the  vefiels  ought  not  to  be  feparated  till  they  have  bqcome 
cool. 

The  quantity  of  flowers  or  acid  obtained  in  thefe  methods  differs  according  to 
the  management,  and  probably  alfo  from  difference  of  purity,  and  in  other  refpedts  of 
the  refin  itfelf.  It  ufually  amounts  to  no  more  than  about  one  eighth  part  of  the  whole 
weight.  The  whole  acid  of  benzoin  is  obtained  with  greater  certainty  in  the  humid 
procefs  of  Scheele  : this  confifts  in  boiling  the  powdered  refln  with  lime-water,  and 
afterwards  feparating  the  lime  by  the  addition  of  marine  acid.  Twelve  ounces  of 
water  are  to  be  poured  upon  four  ounces  of  flaked  lime;  and,  after  the  ebullition  is 
over,  eight  pounds,  or  ninety- fix  ounces,  more  of  water  are  to  be  added  : a pound  of 
finely-powdered  benzoin  being  then  put  into  a tin  veflel,  fix  ounces  of  the  lime- 
water  are  to  be  added,  and  mixed  well  with  the  powder;  and  afterwards  the  whole 
of  the  lime-water  in  the  fame  gradual  manner,  becaufe  the  benzoin  would  coagulate 
into  a mafs,  if  the  whole  were  added  at  once.  This  mixture  muft  be  gently  boiled 
for  half  an  hour  with  conftant  agitation,  and  afterwards  fuffered  to  cool  and  fubfide 
during  an  hour.  The  fupernatant  liquor  muft  be  decanted,  and  the  refiduum 
boiled  with  eight  pounds  more  of  lime-water ; after  which  the  fame  procefs  is  to  be 
once  more  repeated  : the  remaining  powder  muft  be  edulcorated  on  the  filter  by 
affufions  of  hot  water.  Laftly,  all  the  decoftions,  being  mixed  together,  muft  be 
evaporated  to  two  pounds,  and  {trained  into  a glafs  veflel. 

This  fluid  confifts  of  the  acid  of  benzoin  combined  with  lime.-  After  it  is  be- 
come cold,  a quantity  of  marine  acid  muft  be  added,  with  conftant  ftirring,  until 
the  fluid  taftes  a little  fourifh.  During  this  time  the  laft-mentioned  acid  unites  with 
the  lime,  and  forms  a foluble  fait,  which  remains  fufpended,  while  the  lefs  foluble 
acid  of  benzoin,  being  difengaged,  falls  to  the  bottom  in  powder.  By  repeated 
laflufions  of  cold  water  upon  the  filter,  it  may  be  deprived  of  the  marine  fait  and 
acid  with  which  it  may  be  mixed.  If  it  be  required  to  have  a fhining  appearance, 
it  may  be  diflolved  in  a fmall  quantity  of  boiling  water,  from  which  it  will  feparate 
in  filky  filaments  by  cooling. 

The  acid  of  benzoin  is  fo  inflammable  that  it  burns  with  a clear  yellow  flame 
without  the  affiftance  of  a wick.  Thefublimed  flowers  in  their  pureft  ftate,  as  white 
as  ordinary  writing-paper,  were  fufed  into  a clear  tranfparent  yellowilh  fluid,  at  the 
two  hundred  and  thirtieth  degree  of  Fahrenheit’s  thermometer,  and  at  the  fame 
time  began  to  rife  in  fublimation.  It  is  probable  that  a heat  fomewhat  greater  than 
this  may  be  required x to  feparate  it  from  the  refin.  It  is  ftronrgty  'xfifpofed  to  take 
the  crystalline  form  in  cooling.  The  concentrated  acids  of  vitriol  and  of  nitre  dif- 
folve  this  concrete  acid,  and  it  is  again  feparated,  without  alteration,  by  adding 
water.  Other  acids  difiolve  it  by  the  affiftance  of  heat,  from  which  it  Separates  by 
cooling,  unchanged.  It  is  plentifully  foluble  in  ardent  fpirit,  from  which  ^t  may 
likewife  be  feparated  by  diluting  the  fpirit  with  water.  It  readily  difiolves  in  oils, 
and  in  melted  tallow.  If  it  be  added  in  a fmall  proportion  to  this  laft  fluid,  part 
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of  the  tallow  congeals  before  the  reft,  in  the  form  of  white  opake  clouds.  If  the 
quantity  of  acid  be  more  confiderable,  it  feparates  in  part  by  cooling,  in  the  form 
of  needles  or  feathers.  It  did  not  communicate  any  confiderable  degree  of  hard- 
nefs  to  the  tallow,  which  was  the  objed  of  this  experiment.  When  the  tallow  was 
heated  nearly  to  ebullition,  it  emitted  fumes  which  affeded  the  refpiration,  like  thofe 
of  the  acid  of  benzoin,  but  did  not  poffefs  the  peculiar  and  agreeable  fmell  of  that 
fubftance.  A ftratum  of  this  tallow,  about  2X0  of  an  inch  thick,  was  fufed  upon  a 
plate  of  brafs,  together  with  other  fat  fubftances,  with  a view  to  determine  its  relative 
difpofition  to  acquire  and  retain  the  folid  ftate.  After  it  had  cooled  it  was  left 
upon  the  plate,  and  in  the  courfe  of  fome  weeks  it  gradually  became  tinged  through- 
out of  a blueifh  green  colour.  If  this  circumftance  be  not  fuppofed  to  have  arifen 
from  a folution  of  the  copper  during  the  fufion,  it  feems  a remarkable  inftance  of 
the  mutual  adion  of  two  bodies  in  the  folid  ftate,  contrary  to  that  axiom  of  che- 
miftry  which  affirms,  that  bodies  do  not  ad  on  each  other,  unlefs  one  or  more  of 
them  be  in  the  fluid  ftate. 

This  acid  reddens  litmus,  but  fcarcely  affeds  fyrup  of  violets : it  forms  neutral 
falts  with  the  alkalis,  which  are  very  foluble  in  water,  and  decompofable  by  the 
mineral  acids.  With  the  vegetable  alkali  it  forms  a cryftallizable  deliquefcent 
fait : with  mineral  alkali  it  affords  efflorefcent  cryftals,  and  with  the  volatile 
alkali  it  forms  a deliquefcent  fait,  not  eafily  brought  to  cryftallize.  Thefe  falts  are 
foluble  in  oils. 

This  acid  forms  a cryftallizable  fait  with  calcareous  earth,  which  is  not  eafily 
foluble  in  water,  and  has  a fweetifh  tafte  without  any  pungency.  With  magnefia 
it  forms  fmall  feathery  cryftals,  of  a fharp  bitter  tafte,  and  eafily  foluble  in  water  ; 
and  with  alum  it  forms  an  aftringent  fait. 

The  folubility  of  the  acid  of  benzoin  in  nitrous  and  other  acids,  and  its  fubfequent 
f#paration,  indicate  that  its  principles  are  not  eafily  feparable  from  each  other.  At- 
tempts have  been  made  to  decompofe  it  by  repeated  abftradions  of  nitrous  acid  : 
the  nitrous  acid  rifes  firft,  fcarcely  altered,  except  towards  the  end,  when  it  becomes 
fuming,  and  the  acid  of  benzoin  is  afterwards  fublimed  with  little  alteration.  By 
repeating  the  procefs,  however,  the  acid  of  benzoin  is  faid  to  become  more  fixed, 
and  at  length  to  afford  a few  drops  of  an  acid,  refembling  the  acid  of  fugar  in  its 
properties. 

This  acid  has  been  obtained  in  fmall  quantities  from  balfam  of  Peru,  from  ftorax, 
and  from  the  faponaceous  extraft  of  urine,  which  laft  fubftance  afforded  it  by  re- 
peated abftra&ion  of  the  nitrous  acid. 

ACID  OF  BORAX,  or  Sedative  Salt.  This  acid  has  been  found  uncombined 
in  the  waters  in  certain  lakes  in  Tufcany  and  elfewhere;  but  it  is  moft  abundantly 
obtained  from  borax,  which  is  a fait  confifting  of  this  acid  united  with  mineral  alkali. 
(See  Borax).  This  combination  is  not  deftroyed  by  expofing  the  fait  to  a mo- 
derate degree  of  heat.  The  addition  of  fome  ftronger  acid  is  neceffary  to  com- 
bine with  the  alkali.  If  martial  vitriol  be  mixed  with  borax,  and  both  be  diffolved 
in  water,  and  evaporated  till  a pellicle  appears,  the  liquor  may  then  be  put  into  a 
fmall  glafs  alembic  : upon  the  application  of  heat  the  water  firft  arifes,  and  after- 
wards the  fedative  fait,  or  acid  of  borax.  In  this  procefs  the  vitriolic  acid  of  the 
martial  vitriol  quits  its  iron  to  unite  with  the  alkali  of  the  borax,  at  the  fame  time 
that  the  acid  of  the  borax  in  all  probability  combines  with  the  iron  : this  laft 
combination,  however,  is  deftroyed  by  the  heat,  and  the  acid  of  borax  fublimes 
alone.  Mere  vitriolic  acid,  or  any  other  acid  whofe  affinity  with  the  alkali  at  the 
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temperature  of  fublimation  is  ftronger  than  that  of  the  acid  of  borax,  might  be 
ufed  with  equal  advantage  in  this  decompofidon. 

The  acid  of  borax  is  mod  commonly,  however,  obtained  in  the  humid  way  : 
for  this  purpofe  the  vitriolic  acid  may  be  added  to  a faturated  folution  of  borax  in 
boiling  water,  in  fuch  a proportion  as  that  there  may  be  a perceptible  excefs  of  acid  ; 
and  the  fedative  fait  will  be  difengaged  in  white  fcales  as  the  water  cools.  Thefe 
mu  ft  be  rinfed  in  a lmall  quantity  of  very  cold  water. 

The  acid  of  borax  requires  about  fifty  times  its  weight  of  cold  water  for  its  folu- 
tion, but  much  le'fs  when  the  water  is  boiling.  In  a moderate  heat  this  concrete 
acid  melts  with  lefs  intumefcence  than  borax  itfelf,  and  runs  into  a clear  glafs, 
which  is  not  volatile  unlefs  water  be  prefent.  This  glafs  docs  not  differ  from  the 
original  acid,  except  in  having  loft  its  water  of  cryftallization.  If  it  be  again  diflolved 
in  water,  it  may  be  cryftallized  or  fublimed  as  before.  It  is  foluble  in  fpirit  of 
wine,  and  communicates  a green  colour  to  the  flame  of  that  inflammable  fluid  : 
oils  likewife  diffolve  it  by  the  afliftance  of  heat.  In  the  dry  way  it  diffolves 
earths,  more  particularly  the  filiceous  earth. 

The  acid  of  borax  retains  its  form  in  the  air,  but  is  fomewhat  difpofed  to 
attract  moifture  : it  affords  no  precipitate  upon  the  addition  of  Pruflian  alkali  to  its 
folution. 

With  vegetable  alkali  it  forms  a borax  , fimilar  to  that  of  commerce  : with  mineral 
alkali  it  forms  common  borax,  provided  the  alkali  be  in  excefs;  and  with  volatile 
alkali  it  forms  a cryftallizable  fait.  Magnefia  forms  a compound  with  it  which  is. 
decompofable  by  all  other  acids,  and  by  fpirit  of  fait.  Calcareous  earth  forms  a 
fait  of  difficult  folution.  Argillaceous  earth,  in  the  humid  way,  forms  a fubftance 
of  difficult  folution;  and,  by  fufion,  in  the  dry  way,  with  half  its  weight  of  feda- 
tive fait,  it  affords  a hard  mafs  refembling  pumice-ftone,  part  of  which  is  foluble 
in  water.  The  phsenomena  with  filiceous  earth  are  nearly  the  fame  in  a crucible  ; 
"but  the  fufion  may  be  more  completely  effected  by  the  blow-pipe.  The  aftion  of 
the  acid  of  borax  upon  gold  is  fcarcely  perceptible,  either  in  the  wet  or  dry  way. 
It  does  not  adt  at  all  upon  platina,  nor  precipitate  it  from  aqua  regia.  No  diredt 
adtion  takes  place  between  this  fait  and  mercury,  but  it  precipitates  that  metal  from 
its  folution  in  nitrous  acid.  A flight  adtion  takes  place  between  this  acid  and 
copper  in  the  diredt  way,  and  the  folution  of  borax  precipitates  all  the  folutions 
of  copper  in  acids.  Lead  is  fcarcely,  if  at  all,  adted  on  by  fedative  fait,  but  it 
is  thrown  down  in  combination  with  it  from  the  vitriolic,  nitrous,  marine,  or  acetous 
acids.  One  part  of  fedative  fait  is  faid  to  form,  by  fufion  with  two  parts  its  weight 
of  minium,  a fine,  clear,  hard,  and  infoluble  glafs,  of  a greenilh  yellow  colour. 
This  acid  has  very  little  effedt  upon  tin,  with  which,  however,  it  may  be  brought 
to  combine  by  long  trituration  and  digeftion  with  water.  The  flag  formed 
by  melting  equal  parts  of  fedative  fait  and  tin  filings,  afforded  the  fame  fait 
by  folution  in  water.  Iron  is  fparingly  foluble  in  acid  of  borax,  and  affords 
yellow  cryftals.  A fimilar  folution,  may  alfo  be  produced  by  fufion  and  lixi- 
viation.  Regulus  of  antimony  is  not  diredtly  attacked,  but  its  folution  in 
aqua  regia  is  precipitated  by  borax.  Bifmuth,  likewife,  is  not  adled  on,  but 
is  precipitated  by  borax  from  its  folution  in  a mixture  of  vitriolic  and  marine 
acid.  A flight  adtion  between  this  fait  and  zinc  is  produced  by  digeftion,  and  the 
fluid  by  evaporation  affords  a faline  mafs.  The  flowers  of  zinc  melt  with  fedative 
fait  into  a light  green  infoluble  flag.  Calx  of  arfenic  unites  with  this  fait  either  in 
the  humid  or  dry  way,  and  forms  a foluble  and  cryftallizable  compound.  Regulus 
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of  cobalt,  and  alfo  nickel,  are  not  direflly  a&ed  on,  but  they  are  precipitated  by  it 
from  their  refpedlive  folutions. 

ACID  OF  CITRONS,  cr  Lemons.  The  juice  of  lemons,  or  limes,  has  all 
the  characters  of  an  acid  of  confiderable  ftrength  : on  account  of  the  mucilaginous 
matter  with  which  it  is  mixed  in  its  firft  Hate,  it  is  very  foon  altered  by  fpontaneous 
decomposition.  Various  methods  have  been  contrived  to  prevent  this  effedt  from 
taking  place,  in  order  that  this  wholefome  and  agreeable  acid  might  be  preferved 
for  ufe  in  long  voyages,  or  other  domeftic  occafions.  The  juice  maybe  kept  in 
bottles  under  a thin  ftratum  of  oil,  which  indeed  prevents,  or  greatly  retards  its 
total  decomposition  ; though  the  original  freiht  tafte  foon  gives  place  to  one  which 
is  much  lefs  grateful.  In  the  Eafl  Indies  it  is  evaporated  to  the  confidence  of  a 
thick  extraft.  If  this  operation  be  carefully  performed  by  a very  gentle  heat,  it  is 
found  to  be  very  effectual.  When  the  juice  is  thus  heated  the  mucilage  thickens, 
and  feparates  in  the  form  of  flocks,  part  of  which  fubfides,  and  part  rifes  to  the 
furface  : thefe  muft  be  taken  out.  The  vapours  which  arife  are  not  acid.  If  the 
evaporation  be  not  carried  fo  far  as  to  deprive  the  liquid  of  its  fluidity,  it  may  be 
long  preferved  in  well  clofed  bottles;  in  which,  after  fome  weeks  {landing,  a far- 
ther portion  of  mucilage  is  feparated,  without  any  perceptible  change  in  the 
acid. 

Of  all  the  methods  of  preferving  lemon-juice,  that  of  concentrating  it  by  frofl 
appears  to  be  the  belt,  though  in  the  warmer  climates  it  cannot  conveniently  be 
praCtifed.  Lemon-juice,  expofed  to  the  air,  in  a temperature  of  between  50°  and 
6o°,  depofits  in  a few  hours  a white  femi-tranfparent  mucilaginous  matter,  which 
leaves  the  fluid,  after  decantation  and  filtration,  much  lefs  alterable  than  before. 
This  mucilage  is  not  of  a gummy  nature,  but  refembles  the  gluten  of  wheat  in  its 
properties:  it  is  not  foluble  in  water  when  dried.  More  mucilage  is  feparated  from 
lemon-juice  by  {landing  in  clofed  vefl'els.  If  this  depurated  lemon-juice  be  ex- 
pofed to  a degree  of  cold  of  about  feven  or  eight  degrees  below  the  freezing  point, 
the  aqueous  part  will  freeze,  and  the  ice  may  be  taken  away  as  it  forms ; and  if  the 
procefs  be  continued  until  the  ice  begins  to  exhibit  figns  of  acidity,  the  remaining 
acid  will  be  found  to  be  reduced  to  about  one  eighth  of  its  original  quantity, 
at  the  fame  time  that  its  acidity  will  be  eight  times  as  intenfe,  as  is  proved  by  its 
requiring  eight  times  the  quantity  of  alkali  to  faturate  an  equal  portion  of  it. 
This  concentrated  acid  may  be  kept  for  ufe,  or,  if  preferred,  it  may  be  made  into 
a dry  lemonade,  by  adding  fix  times  its  weight  of  fine  loaf  fugar  in  powder. 

The  above  procefles  may  be  ufed  when  the  acid  of  lemons  is  wanted  for  do- 
meftic purpofes,  becaufe  they  leave  it  in  pofleffion  of  the  oils,  or  other  principles, 
on  which  its  flavour  peculiarly  depends  ; but  in  chemical  refearches,  where  the  acid 
itfelf  is  required  to  be  had  in  the  utmoft  purity,  a more  elaborate  procefs  muft  be 
ufed.  Boiling  lemon-juice  is  to  be  faturated  with  powdered  chalk,  whofe  weight 
i-s  to  be  noted.  The  neutral  faline  compound  is  fcarcely  more  foluble  in  water 
than  felenite ; it  therefore  falls  to  the  bottom,  while  the  mucilage  remains  fufpended 
in  the  watery  fluid,  which  muft  be  decanted  off : the  remaining  precipitate  muft 
then  be  wafhed  with  warm  water  until  it  comes  oft'  clear.  To  the  powder  thus 
edulcorated,  a quantity  of  vitriolic  acid,  fufficient  to  faturate  the  chalk,  and  diluted 
with  ten  parts  of  water,  muft  be  added,  and  the  mixture  boiled  a few  minutes. 
The  vitriolic  acid  combines  with  the  lime,  and  forms  felenite,  which  remains  behind 
when  the  cold  liquor  is  filtered,  while  the  difengaged  acid  of  lemons  remains  dif- 
folved  in  the  fluid.  This  laft  muft  be  evaporated  to  the  confidence  of  a thin 
fyrup,  and  vitriolic  acid  muft  be  then  added  In  final  1 portions,  to  precipitate  the 
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lime,  if  any  fhould  ftill  remain  in  combination  with  acid  of  lemons.  When  no 
more  precipitate  is  afforded  by  the  addition  of  vitriolic  acid,  a farther  evaporation 
feparates  the  pure  acid  of  lemons  in  cryftals.  It  is  neceffary  that  the  vitriolic  acid 
laft  added  fhould  be  rather  in  excefs,  becaufe  the  prefence  of  a fmall  quantity  of 
lime  will  prevent  the  cryftallization.  This  excefs  will  be  found  in  the  mother 
water. 

The  crude  acid  of  lemons  forms  cryftallizable  falts  with  the  mineral  and  the 
volatile  alkalis  ; but  its  combination  with  the  vegetable  alkali  does  not  cryftallize. 
The  pure  acid  affords  uncryftallizable  and  deliquefcent  falts  with  the  fixed  alkalis, 
and  with  volatile  alkali  a fait  which  yields  its  alkali  in  diftillation.  With  calcareous, 
argillaceous,  and  ponderous  earths,  it  forms  falts  of  difficult  folubility  ; but  with 
magnefia  a very  foluble  faline  mafs  refembling  gum.  Its  adtion  on  metallic  bodies 
is  not  confiderable,  though  it  diffolves  iron  and  zinc,  and  during  the  folution 
affords  inflammable  air. 

By  repeated  abftradtion  of  the  nitrous  acid  from  the  acid  of  lemons  it  becomes 
converted  into  acid  of  fugar.  In  this  procefs,  as  well  as  in  others  of  the  fame  nature, 
it  is  neceffary  that  the  quantity  of  nitrous  acid  fhould  not  be  too  confiderable,  left 
its  adtion  fhould  convert  the  acid  of  fugar  into  vinegar  and  fixed  air.  Two 
hundred  grains  of  nitrous  acid  being  abftradted  from  fixty  grains  of  the  acid  of 
citrons,  afforded  thirty  grains  of  acid  of  fugar. 

ACID  OF  FAT.  The  fat  of  animals  is  a fubftance  nearly  of  the  fame  nature 
as  thofe  oils  called  fat  oils  in  the  vegetable  kingdom  : it  affords  an  acid  by  diftilla- 
tion, which  may  be  rendered  purer  by  rectifying.  Saturation  with  a fixed  alkali, 
and  fubfequent  diftillation  with  vitriolic  acid,  render  it  ftill  purer,  though  conta- 
minated with  fulphureous  acid,  unlefs  the  neutral  fait  has  been  previoufly  kept  in 
fufion  until  all  its  oily  particles  are  deftroyed.  If  this  acid  be  fuppofed  to  contain 
any  portion  of  the  vitriolic,  it  may  again  be  re&ified  from  fome  of  the  neutral 
fait. 

The  acid  of  fat  may  be  obtained  alfo  from  the  folution  of  foap,  formed  with 
pure  vegetable  alkali  and  tallow : for  this  purpofe  the  foap  is  to  be  boiled  with 
water  to  the  confidence  of  a jelly.  The  tallow  rifes  to  the  top  upon  the  addition 
of  alum : the  faline  fubftance  remaining  in  the  water  then  confifts  of  vitriolated 
tartar,  alum  without  the  ufual  quantity  of  acid,  and  a combination  of  the  acid  of 
fat  with  the  vegetable  alkali.  By  the  addition  of  vitriolic  acid  to  this  faline  mafs, 
the  acid  of  fat  may  be  obtained  by  diftillation.  But  the  moft  elegant  method  of 
obtaining  this  acid  confifts  in  mixing  a quantity  of  melted  fuet  with  quicklime, 
fuffering  the  mixture  to  cool,  and  afterwards  boiling  it  with  a large  quantity  of 
water.  After  filtration  and  evaporation  the  calcareous  fait,  formed  by  the  combina- 
ti®n  of  the  acid  of  fat  with  the  earth,  is  obtained  of  a brown  colour.  A flight 
calcination  renders  it  purer  by  the  deftruCtion  of  a portion  of  inflammable  matter; 
and  by  folution,  filtration,  and  the  addition  of  a certain  quantity  of  fixed  air,  to 
precipitate  the  fuperfluous  lime,  a clear  folution  of  the  acid  of  fat,  neutralized  with 
calcareous  earth,  is  obtained.  Evaporation  of  the  fluid  affords  the  pure  white 
fait ; and  this,  when  diftilled,  with  the  addition  of  vitriolic  acid,  affords  the  acid  of 
fat,  which  comes  over  into  the  receiver,  while  the  lime  and  vitriolic  acid  remain  in 
the  retort  in  the  form  of  felenite. 

The  acid  of  fat  is  liquid,  fuming,  and  of  a penetrating  odour ; decompofable 
with  heat,  which  turns  it  yellow,  and  extricates  or  produces  fixed  air.  Blue  colours 
are  ftrongly  reddened  by  it : water  diffolves  it  in  all  proportions.  With  lime,  and 
alfo  with  the  fixed  alkalis,  it  forms  cryftallizable  falts,  which  are  not  decompofed  in  a 
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moderate  heat.  With  magnefia  it  forms  an  uncryftallizable  faline  mafs,  which  may 
be  reduced  to  a gummy  confidence.  With  clay,  or  pure  argillaceous  earth,  it 
unites  with  difficulty,  forming  an  aftringent  uncryftallizable  mafs.  Siliceous  earth 
is  thought  to  be  corroded  by  this  acid,  probably  from  its  aftion  on  glafs,  in  which 
it  may  aft  on  the  alkali  and  not  on  the  earth,  for  it  has  no  action  upon  filiceous 
earth  precipitated  from  liquor  of  flints.  It  afts  on  a number  of  the  metals. 
Gold  and  platina  are  not  afted  on  ; but  it  diffolves  the  precipitates,  which  are  thrown 
down  from  their  acid  folutions,  by  the  addition  of  fixed  alkalis.  The  acid  of  fat 
is,  however,  rendered  capable  of  diflolving  gold  by  abftraftion  from  manganefe. 
A very  fmall  portion  of  filver  is  diffolved  by  the  acid  of  fat ; and  it  takes  filver 
and  mercury  from  their  folutions  in  nitrous  acid,  forming  combinations  which  fall 
to  the  bottom.  Mercury  is  not  direftly  afted  upon,  unlefs  the  acid  be  repeatedly 
abftrafted  from  it.  This  procefs  changes  the  mercury  into  filver-coloured  plates, 
which  are  foluble  in  the  acid  that  comes  over,  not  decompofable  by  common  fait, 
but  depofiting  their  quickfilver  upon  copper. 

The  acid  of  fat  affords  a white  precipitate,  with  a folution  of  corrofive  fublimate. 
This  is  confidered  as  a charafteriftic  mark  for  diftinguifhing  the  acid. 

Copper  is  diffolved  by  the  affiftance  of  heat  in  the  acid  of  fat,  with  which  it 
forms  a deliquefcent  cryftallizable  mafs.  Iron  likewife  affords  deliquefcent  cryftals. 
Lead  is  corroded  by  it,  and  a confiderable  quantity  of  minium  is  diflolved.  Filings 
of  tin  are  corroded  by  the  febaceous  acid  into  a yellow  powder,  efpecially  by  the 
affiftance  of  heat,  and  at  the  fame  time  emit  a very  foetid  fmell.  The  liquor, 
notwithftanding  filtration,  continues  turbid,  depofits  in  time  a yellow  powder, 
and  acquires  a fine  rofe-red  colour.  By  adding  water  to  the  yellow  powder 
obtained  by  the  corrofion,  a white  deliquefcent  fait  may  be  formed ; and  a fimilar 
fait  may  be  obtained  by  diflolving  a yellow  powder,  which  is  precipitated  by  this 
acid  from  a folution  of  tin  in  aqua  regis. 

Regulus  of  antimony  is  foluble  in  the  acid  of  fat  by  the  affiftance  of  heat,  and 
forms  a fait  in  permanent  cryftals.  Zinc  is  eafily  and  plentifully  diffolved. 
Bifmuth  is  not  diffolved  in  its  metallic  ftate,  but  it  precipitates  this  metal  from  its 
folutions  in  nitrous  acid,  and  re-diffolves  the  precipitate  of  bifmuth  made  by  adding 
fixed  alkali  to  that  folution.  The  regulus  of  cobalt,  or  of  nickel,  are  not  diffolved 
by  this  acid,  neither  does  it  afford  a precipitate  from  their  folutions  in  nitrous  acid, 
but  it  diffolves  their  precipitates  obtained  by  the  addition  of  alkali.  White  arfenic 
is  copioufly  diffolved  in  a gentle  heat,  and  affords  fmall  cryftals.  Manganefe  is 
likewife  plentifully  taken  up,  and  affords  a clear  folution. 

The  acid  of  fat  produces  an  ether  by  diftillation  in  the  ufual  method  with  fpirit 
of  wine  : it  expels  the  acid  from  nitre,  common  fait,  foliated  earth,  and  Glauber’s 
fait,  by  diftillation.  The  acid  of  the  laft-mentioned  fait  comes  over  in  the  ful- 
phureous  ftate.  It  likewife  precipitates  the  acid  of  tartar  from  a folution  of  foluble 
tartar,  or  vegetable  alkali  faturated  with  tartareous  aeid. 

The  acid  of  fat  has  not  yet  been  decompofed.  When  nitrous  acid  is  abftrafted 
from  tallow,  there  is  a production  of  acid  of  fugar,  and  not  the  febaceous  acid. 
Hence  it  has  been  concluded,  that  this  acid  is  nearly  of  the  fame  nature  as  the 
other  acids  obtained  from  organized  fubftances. 

ACID  OF  FLUOR,  cr  Fusible  Spar.  The  fufible  fpar,  which  is  generally 
diftinguilhed  by  the  name  of  Derbyftiire  fpar,  confifts  of  calcareous  earth  in 
combination  with  the  acid  at  prefent  under  our  confideration.  If  the  pure  fluor,  or 
fpar,  be  placed  in  a retort  of  lead,  with  a receiver  of  the  lame  metal  adapted,  and 
half  its  weight  of  vitriolic  acid  be  then  poured  upon  it,  the  acid  of  fpar  will  be 
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'6  i fen  gaged  in  the  aerial  form  by  the  application  of  a moderate  heat.  This  acid  air 
readily  combines  with  water;  for  which  purpofe  it  is  neceffary  that  the  receiver 
ihould  previoufly  be  half  filled  with  that  fluid.  When  experiments  are  required 
to  be  made  with  the  acid  in  the  elaftic  date  it  muft  be  received  over  mercury. 

The  diftinguifhing  and  moft  remarkable  property  of  this  acid  is  its  power  of 
combining  with  and  volatalizing  filiceous  earth,  which  remains  fufpended  with  it 
in  the  permanently  elaftic  form.  The  firft  experiments  with  fluor  fpar  were  made 
in  glafs  veffels,  and  were  attended  with  the  fingular  phenomenon  of  an  earthy  matter 
being  depofited  at  the  inftant  that  the  acid  air  came  in  contadl  with  the  water  in 
the  recipient.  Upon  examination  it  was  found  to  confift  of  filiceous  earth  ; and 
fubfequent  experiments  proved  that  it  was  obtained  by  corrofion  of  the  glafs  retort, 
and  depofited  in  confequence  of  the  acid  poffeffmg  a lefs  power  of  fufpending 
filiceous  earth  when  combined  with  water,  than  when  in  the  elaftic  ftate. 

The  acid  of  fluor  unites  with  argillaceous  earth,  and  forms  a neutral  fait  of  a 
gelatinous  adhefive  confidence*  Calcareous  earth  re- produces  the  fufible  fpar. 
With  ponderous  earth  it  affords  a fait  of  very  difficult  folution,  which  effloreftes  in 
the  air  : it  readily  combines  with  magnefia,  and  forms  a fait  fcarcely  foluble  in 
water,  unlefs  the  acid  be  in  excefs,  in  which  cafe  the  fait  may  be  obtained  in  flender 
cryftals  by  evaporation.  Thefe  cryftals  are  no£  decompofed  by  the  heat  of  diftil- 
lation,  and  not  foluble  in  water,  though  in  fome  meafure  in  fpirit  of  wine.  None  of 
the  acids  decompofe  this  fait.  The  fluor  acid  takes  magnefia  from  every  other 
acid. 

Siliceous  earth  being  diffolved  by  Bergman  in  diluted  acid  of  fpar,  afforded,  in 
the  courle  of  two  years  (landing,  tranfparent  cryftals  refembling  quartz,  but  not  fo 
hard.  This  acid  has  been  fuccefsfully  ufed  to  make  etchings  upon  glafs,  in  the 
fame  manner  as  nitrous  acid  has  long  fince  been  applied  to  copper.  Whether  this 
art  can  ever  be  applied  to  the  multiplying  of  copies  muft  be  determined  by  future 
refearches. 

The  acid  of  fluor  unites  with  fixed  alkalis,  and  forms  falts  of  a gelatinous  con- 
fidence, which  do  not  cryftallize,  but  take  a foliated  form  by  evaporation.  The 
combination  of  this  acid  and  volatile  alkali  depofits  a gelatinous  -fediment,  and 
affords  cryftals,  which  are  partly  decompofed  by  fublimation,  and  attract  moifture 
from  the  air. 

Gold,  in  its  metallic  ftate,  is  not  diffolved  by  the  fluor  acid  ; but  its  precipitate, 
obtained  by  adding  an  alkali  to  the  folution  in  aqua  regia,  is  foluble.  The  adion  of 
this  acid  on  platina  is  not  known.  Silver  refills  itsfolvent  power  ; but  the  precipitate 
thrown  down  by  an  alkali  is  foluble  in  part,  and  part  remains  undiffolved.  It  throws 
down  a precipitate  from  the  nitrous  folution  of  filver.  Calx  of  lead  is  foluble  in 
this  acid.  A powdery  combination  of  the  acid  and  the  metal  falls  down  when  the 
folution  is  evaporated.  Iron  is  powerfully  attacked  by  the  fparry  acid,  at  the  fame 
time  that  inflammable  air  is  extricated.  The  folution  does  not  cryftallize,  but  is 
converted  into  a hard  mafs  by  evaporation.  Copper  is  attacked  by  this  acid  in  its 
metallic  ftate,  but  much  more  eafily  when  calcined  : the  folution  affords  blue  cryf- 
tals. Crude  mercury  is  not  attacked,  but  the  acid  unites  with  the  calx  of  that  metal 
obtained  by  means  of  alkali.  Part  of  this  compound  remains  in  folution,  and  part 
falls  down  in  a powder,  which  melts  before  the  blow-pipe  into  a yellow  glafs,  moft 
of  which  evaporates  during  the  continuance  of  the  heat,  and  leaves  a fmall  vitreous 
globule  behind.  The  folution  of  mercury  in  nitrous  acid  is  precipitated  into  a 
fimilar  powder  by  the  addition  of  the  acid  of  fluor.  Tin  is  not  attacked,  but  its 
calx  is  diffolved  by  the  fluor  acid.  Antimony  and  its  regulus  are  net  adled  on. 
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Bifmuth  is  affe&ed  nearly  in  the  fame  manner  as  lead,  and  zinc  in  this  refpeft  is 
fimilar  to  iron.  Regulus  of  cobalt  is  not  diflolved,  but  it  affords  a yellow  gela- 
tinous folution  with  the  calx  of  cobalt,  and  green  cryftals  with  the  calx  of  nickel. 
It  unites  with  arfenic,  affording  fmall  cryftals ; and  with  manganefe,  by  pouring  a 
folution  of  the  volatile  alkaline  fait  of  fluor  acid  into  a folution  of  manganefe  in 
any  of  the  mineral  acids. 

The  natural  difpofition  to  refer  our  fcientific  aequifitions  to  thofe  before  known, 
has,  as  ufual,  induced  feveral  chemifts  to  infift  that  the  fluor  acid  is  nothing  but  a 
modification  of  fome  other  acid,  more  efpecially  the  acid  of  fea  fait.  Every  ex- 
periment, however,  hitherto  made,  tends  to  refute  that  conjedture  ; and  the  acid  of 
fpar  appears  to  be  as  juftly  entitled  to  a feparate  clafs,  rn-the  prefent  ftate  of  our 
knowledge,  as  any  acid  we  are  acquainted  with.  No  experiments  have  yet  been 
made  which  tend  to  fhew  the  component  parts  of  this  acid  fubftance.  It  is  there- 
fore only  in  the  way  of  conje&ure,  or  general  inference,  that,  like  the  vitriolic,  the 
nitrous,  and  other  acids,  in  which  the  art  of  chemiftry  has  been  more  fuccefsful,  it  is 
faid  to  confift  of  a combuftible  bafe  united  with  vital  air,  according  to  the  ufual 
mode  of  combination,  whether  the  theory  of  the  philogiftian  philofophers  be  admitted, 
or  that  of  their  opponents. 

ACID  OF  GALLS,  or  The  Astringent  Principle.  Many  vegetable 
fubftances,  fuch  as  the  hufks  of  nuts,  the  bark  of  the  oak,  the  nutgall,  and  other 
bodies  of  the  fame  nature,  abound  with  a fubftance  which  has  been  diftinguifhed  by 
the  name  of  the  aftringent  principle.  The  nutgall  is  moft  plentifully  ufed  in  dying 
procefles,  and  the  other  purpofes  wherein  the  property  of  producing  a black  colour 
with  folutions  of  iron  is  required ; and  as  this  matter  refembles  acids  in  its  proper- 
ties, it  has  been  called  the  acid  of  galls. 

The  acid  of  galls  is  obtained  by  macerating  the  nutgall  in  water.  This  infu- 
fion  reddens  turnfole  and  blue  paper.  The  acid  is  foluble  in  oils,  ardent  fpirit, 
and  ether.  Acids  dilfolve  it  without  impairing  its  property  of  forming  a black 
precipitate  with  the  folutions  of  iron  : the  diftilled  produdts  of  nutgalls  likewife 
poflefs  the  fame  property.  It  decompofes  metallic  folutions,  and  combines  with 
their  calces.  Gold  and  filver  are  precipitated  by  it  in  the  metallic  ftate.  It  a<fts- 
upon  and  diffolves  iron  dire&ly. 

To  obtain  the  acid  of  nutgalls  in  a cryftallized  form,  one  pound  of  the  powder 
of  galls  muft  be  added  to  fix  pounds  of  diftilled  water,  and  left  to  digeft  for  a 
fortnight,  at  the  temperature  of  between  70  and  So  degrees ; after  which  the  fluid 
muft  be  filtered,  and  left  to  evaporate  fpontaneoufly  in  the  open  air,  in  a ftone  ware 
or  glafs  veflel.  The  fluid  becomes  mouldy,  and  covered  with  a thick  glutinous 
pellicle  ; abundance  of  glutinous  flocks  fall  down  ;•  and  in  the  courfe  of  two  or  three 
months  the  lides  of  the  veflel  appear  covered  with  fmall  yellowifh  cryftals,  which 
are  likewife  very  abundant  at  the  under  furface  of  the  pellicle  which  covers  the 
liquor.  The  fluid  muft  then  be  decanted;  and  ardent  fpirit  being  poured  upon  the. 
mucilaginous  depofition,  the  cryftals  and  the  pellicle,  diffolves  the  fait  by  the  affift- 
ance  of  heat,  without  touching  the  mucilage  ; and,  by  evaporation  of  this  fpiritu- 
ous  folution,  the  pure  gallic,  acid  is  obtained  in  fmall  brilliant  cryftals,  of  a grey 
colour  inclined  to  yellow. 

This  acid,  on  account  of  its  long  expofure  to  the  air,  may  confift  either  of  a 
principle  exifting  in  the  galls,  or  of  that  principle  converted  into  an  acid.  It  has 
the  following  properties.:  it  precipitates  martial  vitriol,  and  other  falts  of  iron,  of 
a beautiful  black  colour,  and  ftrongly  reddens  the  tinfture  of  turnfole:  when  heated 
with  contact  of  air,  it  fwells  up  and  burns,  leaving  a coal  behind  of  difficult  inci- 
neration V: 
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rieration  : by  diftillation  with  a gentle  heat,  part  of  the  acid  comes  over  diflolved 
in  the  water  of  cryftallization  : another  portion  fublimes  undecompofed  in  the  form 
of  filky  cryftals ; and  a ftrong  heat  feparates  a few  drops  of  oil,  with  fixed  and 
inflammable  air. 

The  acid  of  galls  is  foluble  in  twenty-four  parts  of  cold  water,  or  three  of  boil- 
ing water.  It  is  much  more  foluble  in  fpirit  of  wine;  four  parts  of  this  being 
fufficient  at  the  common  temperature,  or  one  when  boiling  hot.  With  lime, 
jnagnefia,  or  ponderous  earth,  it  forms  falts  which  are  foluble  in  water  : it  unites 
readily  with  the  alkalis,  and  forms  compounds  which  have  not  been  much  attended 
to.  The  a&ion  of  the  nitrous  acid  converts  it  into  the  acid  of  fugar.  This  acid  pre- 
cipitates gold,  filver,  mercury,  copper,  iron,  and  bifmuth,  from  their  folutions  ; 
but  it  does  not  affeft  thofe  of  platina,  zinc,  tin,  cobalt,  and  manganefe. 

ACID,  MARINE,  or  The  Acid  of  Sea  Salt,  known  in  commerce  by  the 
name  of  fpirit  of  fait.  As  common  fait  confifts  of  this  peculiar  acid  united  with 
the  mineral  alkali,  by  fo  ftrong  an  affinity  that  both  fubftances  may  be  driven  up 
by  heat,  inftead  of  any  feparation  taking  place,  the  acid  itfelf  cannot  be  obtained 
alone,  but  by  means  of  procefles,  in  which  a third  fubftance  is  prefented  to  combine 
with  the  alkali.  Various  methods  were  formerly  ufed,  in  which  the  common  fait 
was  ground  together  with  earthy  fubftances,  and  then  expofed  to  diftillation. 
Thefe  methods  have  been  difcontinued  in  England  fince  the  vitriolic  acid  has  been 
obtained  at  an  eafy  rate  from  fulphur.  In  the  ancient  method,  common  fait  was 
previoully  decrepitated,  then  ground  with  dried  clay,  and  kneaded  or  wrought  with 
water  to  a moderately  ftiff  confiftence,  after  which  it  was  divided  into  balls  of  the 
fize  of  a pigeon’s  egg  : thefe  balls  being  previoufly  well  dried,  were  put  into 
a retort,  fo  as  to  fill  the  veflel  two  thirds  full ; diftillation  being  then  proceeded 
upon,  a fpirit  of  fait  came  over  when  the  heat  was  raifed  to  ignition.  In  this 
procefs  eight  or  ten  parts  of  clay  to  one  of  fait  are  to  be  ufed.  The  retort  muft  be 
of  ftone  ware  well  coated,  and  the  furnace  muft  be  of  that  kind  called  reverberatory. 

It  was  formerly  thought  that  the  common  fait  was  merely  divided  in  this  opera- 
tion by  the  clay,  and  on  that  account  more  readily  gave  out  its  acid  : but  there  can 
be  little  doubt  that  the  effed  is  produced  by  the  filiceous  earth  which  abounds 
in  large  proportions  in  all  natural  clays,  and  detains  the  alkali  of  the  fait  by  com- 
bining with  it. 

The  extrication  of  marine  acid  from  common  fait,  by  means  of  vitriolic  acid, 
is  much  the  moft  elegant  and  effedual.  The  Englifh  manufadurers  ufe  iron  ftills 
for  this  diftillation,  with  earthen  heads : the  philosophical  chemift  will  doubtlefs  pre- 
fer glafs.  One  part,  by  weight,  of  ftrong  vitriolic  acid  is  to  be  added  to  three  of 
decrepitated  fea  fait,  in  a retort  whofe  upper  part  is  furnilhed  with  a tube  or  neck, 
through  which  the  acid  is  to  be  poured  upon  the  fait.  The  aperture  of  this  tube 
muft  be  clofed  with  a ground  ftopper  immediately  after  the  pouring.  The  vitriolic 
acid  immediately  combines  with  the  alkali,  and  expels  the  marine  acid  in  the  form 
of  a peculiar  air,  which  is  rapidly  abforbed  by  water,  but  may  be  confined  by 
mercury.  As  this  combination  and  difengagement  take  place  without  the  applica- 
tion of  heat,  and  the  aerial  fluid  efcapes  very  readily,  it  is  necefiary  to  arrange  and 
lute  the  veflels  together  before  the  vitriolic  acid  is  added,  and  not  to  make  any  fire 
in  the  furnace  until  the  difengagement  begins  to  flacken  ; at  which  time  it  muft  be 
very  gradually  raifed.  Before  the  modern  improvements  in  chemiftry  were  made, 
a great  part  of  the  acid  efcaped  for  want  of  water  to  combine  with  ; but  by  the  ufe 
of  Woulfe’s  apparatus  (See  Apparatus),  the  acid  air  is  made  to  pafs  through 
water,  in  which  it  is  condenfed,  and  forms  marine  acid  of  double  the  weight  of  the 
7 water. 


A C I 


A C I 


C 25  ] 

water,  though  the  bulk  of  this  fluid  is  increafed  one  half  only.  The  acid  condenfed 
in  the  firft  receiver,  which  contains  no  water,  is  of  a yellow  colour,  arifing  from  the 
impurities  of  the  fait. 

Heat  expels  the  marine  acid  air  from  marine  acid,  and  leaves  the  water  behind. 
The  fumes  of  fpirit  of  fait  confift  of  this  air  in  the  att  of  uniting  with  the  watery 
vapours  of  the  atmofphere,  which  render  it  vifible.  The  air  has  nearly  the  fame 
affinities  as  the  acid  itielf  in  the  fluid  form.  The  electric  explofion  diminilhes  it  a 
little;  but  the  remainder  is  almoft  totally  foluble  in  water' as  before. 

In  the  a£tion  of  acids  upon  other  bodies  they  may  be  coniidered  to  operate  either 
as  entire  fubftances,  or  by  virtue  of  the  difpofition  which  their  component  parts  may 
refpedtively  have  to  combine  with  the  fubftance  abted  on.  One  of  the  molt;  general 
a£tions  of  acids  is  that  which  anfwers  the  fame  purpofe  as  combufti.on,  either  by 
depriving  bodies  of  phlogifton,  or  communicating  vital  air  to  them,  or  both.  The 
acids  which  are  moft  effebtual  in  this  refpedt  are  the  molt  ealily  reduced  to  their 
component  parts.  The  marine  acid  in  its  ordinary  date  has  very  little  effect  upon 
combuftible  bodies,  and  is  not  fufceptible  of  changes,  by  their  mutual  aftion,  fimilar 
to  thofe  which  the  vitriolic  and  nitrous  acids  undergo  in  like  circumftances.  Its 
aftion  on  oils  and  ardent  fpirits  is  not  confiderable. 

The  aeriform  marine  acid  adls  more  ftrongly  in  a variety  of  inftances  than  that 
which  is  diluted  with  water  in  the  fluid  ftate.  When  this  acid  air  is  in  contact  with 
fpirit  of  wine,  oil  of  olives,  oil  of  turpentine,  charcoal,  phofphorus,  bees  wax,  or 
fulphur,  it  produces  inflammable  air.  The  theory  of  this  effect  will  be,  either  that 
it  diflodges  phlogifton  from  thefe  inflammable  fubftances,  or  elfe  that  it  combines  with 
them  at  the  fame  time  that  a decompofition  of  the  water,  which  compofes  a large 
part  of  all  aerial  fubftances,  enfues ; the  vital  air  of  the  water  combining  with  the 
inflammable  fubftance,  and  burning  it,  while  the  inflammable  air,  or  other  compo- 
nent parts  of  the  fame  water,  is  fet  at  liberty.  In  this,  as  in  a great  variety  of  in- 
ftances, the  doftrine  of  the  compofition  and  decompofition  of  water  comes  to  the 
afliftance  of  the  new  theory  ; and  if  this  pofition  could  once  be  overthrown,  the 
prefent  experiments,  and  others  of  the  like  nature,  would  afford  the  ftrongeft  proof 
of  the  exiftence  of  inflammable  air,  or  a general  principle  of  combuftibility  in  in- 
flammable fubftances,  or  at  leaf!  in  the  acids  applied  to  them,  fince  it  muft  come 
from  the  one  or  the  other. 

Spirit  of  wine  abforbs  the  aerial  marine  acid  as  readily  as  water  itfelfdoes,  and  is 
increafed  in  bulk  by  that  means.  When  this  fluid  is  faturated,  itdiflolves  iron  with 
great  rapidity,  but  neverthelefs  continues  inflammable.  When  this  air  is  added  to 
a confiderable  quantity  of  oil  of  olives,  it  is  abforbed  very  flowly,  at  the  fame  time 
thatthe  fluid  turns  almoft  black,  becomes  glutinous,  lefs  mifcible  with  water,  and  ac- 
quires a difagreeable  fmell.  &y  continuing  upon  thefurface  of  the  water  it  became 
white,  and  its  offenfive  fmell  went  off  in  a few  days.  Oil  of  turpentine  abforbs  this 
air  very  faft,  turning  brown,  and  almoft  black.  No  inflammable  air  was  formed  till 
more  of  the  acid  air  had  been  raifed  than  the  oil  was  able  to  abforb  : the  fame  was 
the  cafe  with  the  oil  of  olives.  Bees  wax  abforbs  the  aeriform  marine  acid  very 
flowly,  and  produces  inflammable  air.  Charcoal  abforbs  this  acid  air  very  faft, 
rendering  one  fourth  of  it  immifcible  with  water,  and  weakly  inflammable.  A final  1 
bit  of  phofphorus  fmoked -and  gave  light  in  the  acid  air,  in  the  fame  manner  as 
it  would  have  done  in  common  air  equally  confined.  When  water  was  admitted  to. 
this  air,  it  abforbed  the  whole,  except  one  fifth,  which  was  weakly  inflammable. 
Sulphur  abforbs  marine  acid  air  flowly,  and  leaves  an  inflammable  remainder,  which 
burns  with  a blue  flame.  Ether  abforbs  it  very  faft,  becoming  firft  of  a turbid  white, 
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and  then  of  a yellow  and  brown  colour.  This  faturated  fluid  is  very  volatile  and 
inflammable,  and  the  combination  affords  inflammable  air.  Camphor  is  rendered 
fluid  by  imbibing  this  acid  air,  but  recovers  its  former  folid  ftate  upon  the  addi- 
tion of  water.  Some  veftiges  are  exhibited  in  this  experiment,  of  a combination 
having  taken  place  between  a minute  portion  of  the  acid  and  the  camphor,  attended 
with  a production  of  inflammable  air. 

Marine  acid  air  extinguifhes  flame,  and  is  much  heavier  than  common  air. 
The  eledtric  fphrk  is  vifible  in  marine  acid  air  exadtly  as  in  common  air : neither 
the  fpark  nor  the  explofion,  in  the  hands  of  Dr.  Prieftley,  produced  any  change  in 
this  air  which  might  not  have  been  afcribed  to  fome  cafual  circumftance.  In  the 
experiment  with  the  great  Harlem  machine,  a diminution  of  about  one  eighteenth 
took  place  in  the  courfe  of  five  minutes,  after  which  the  paflage  of  the  eledtricity 
was  refilled  : a fhorter  fpark  was  then  applied  for  twenty-five  minutes,  which  did 
not  produce  any  perceptible  alteration,  and  the  air  was  as  readily  abforbed  by 
water  as  if  it  had  not  been  eledtrified. 

The  marine  acid  in  commerce  has  a ftraw  colour  : but  this  is  owing  to  accidental 
impurity  ; for  it  does  not  obtain  in  the  acid  produced  by  the  impregnation  of  water 
with  the  aeriform  acid. 

The  marine  acid,  in  combination  with  the  vegetable  alkali,  forms  a fait,  called 
fait  of  Sylvius,  or  improperly  regenerated  fea  fait  : it  is  of  a bitter  tafte,  flightly 
deliquefcent,  and  foluble  in  about  three  times  its  weight  of  water.  This  is  fome- 
times  ufed  in  medicine. 

With  the  mineral  alkali  it  forms  common  fea  fait. 

With  the  volatile  alkali  it  forms  common  fal  ammoniac  ; which  is  aconfiflent  fait 
of  a iharp  briny  tafte,  and  fo  remarkably  deficient  in  the  ufual  brittlenefs  of  this 
clafs  of  bodies,  that  it  is  not  eafily  pulverifed.  It  is  foluble  in  between  three  and 
four  times  its  weight  of  water,  in  a common  temperature.  By  heat  it  fublimes  entire 
in  clofed  veflels. 

The  faline  combination  of  lime  with  marine  acid  is  fometimes  called  marine 
felenite,  and  fometimes  fixed  ammoniac,  becaufe  it  forms  the  fixed  refidue  after 
fal  ammoniac  has  been  expofed  to  diftillation  with  lime.  This  fait  may  be  obtained 
in  the  form  of  cryftals,  but  it  deliquefces  in  the  air.  It  is  foluble  in  lefs  than  twice 
its  weight  of  cold  water.  The  combination  of  lime  and  marine  acid  which  remains 
after  diftilling  fal  ammoniac  has  ufually  an  over  proportion  of  lime.  If  it  be  urged 
by  a violent  heat,  it  fufes  ; and  when  cold,  it  has  the  property  of  emitting  a phofpho- 
ric  light  upon  being  ftruck  with  any  hard  body.  Hence  it  is  called  Homberg’s 
phofphorus,  from  the  name  of  the  firft  obferver. 

The  argillaceous  marine  fait  has  a gelatinous  confiftence,  when  diflolved  in  a fmall 
quantity  of  water.  Its  tafte  is  ftyptic,  and  it  affords  cryftals  by  fpontaneous  evapo- 
ration. 

The  combination  of  ponderous  earth  with  marine  acid  forms  a cryftallizable  fait  of 
difficult  folution.  Its  folution  is  of  admirable  ufe  for  detedting  the  prefence  of  the 
vitriolic  acid  in  any  fluid  ; becaufe  this  laft  acid  combines  with  the  earth,  and  forms  an 
infoluble  precipitate  of  ponderous  fpar.  It  is  more  efpecially  ufeful  for  purifying  the 
marine  acid  itfelf  from  the  vitriolic  acid  which  it  often  contains.  The  exadt  quan- 
tity of  folution  neceflary  to  be  added  for  this  purpofe,  to  any  veflel  of  marine  acid, 
may  be  known  by  previous  trials  with  fmall  portions  of  the  acid. 

Magnefian  marine  fait  exifts  in  all  fait  waters.  It  is  foluble  in  lefs  than  its  own 
weight  of  water  ; and  cannot  be  obtained  in  the  cryftalline  form,  but  by  firft  evapo- 
rating its  folution,  and  then  fuddenly  expofing  it  to  a great  degree  of  cold.  It  is  the 
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caufe  of  the  bitternefs  of  fea  water  ; and,  likemoflof  the  other  falts  laft  defcribed,  it 
is  applied  to  no  ufeful  purpofe. 

The  marine  acid  adts  diredtly  upon  tin,  lead,  copper,  iron,  zinc,  bifmuth,  antimo- 
ny, manganefe,  arfenic  ; but  does  not  affed  gold,  filver,  platina,  mercury,  wolfram, 
nor  cobalt. 

When  the  ftrongeft  marine  acid  is  mixed  with  fpirit  of  wine,  there  is  no  confide- 
rable  heat  excited,  and  fcarcely  any  combination  takes  place  ; but  the  dephlogifti- 
cated  or  aerated  marine  acid  is  capable  of  converting  ardent  fpirit  into  an  ether. 

ACID,  MARINE  AERATED,  or  Dephlogisticated.  If  the  marine  acid 
be  diftillsd  from  about  one  fourth  of  its  weight  of  the  black  calx  of  manganefe,  a 
fuffocating  elaftic  fluid  arifes,  which  corrodes  mercury,  and  is  abforbed  by  water. 
If  the  concentrated  acid  be  ufed,  the  difengagement  takes  place  without  heat ; but  if 
it  be  weaker,  a gentle  heat  is  neceffary.  This  operation  may  conveniently  be  per- 
formed in  the  apparatus  of  veffels  fig.  2.  The  common  marine  acid  which  may  rife 
is  condenfed  in  the  firft  bottle,  and  the  dephlogifticated  acid  vapour  unites  to  the  wa- 
ter in  the  fecond  : the  water,  as  it  becomes  faturated,  affumes  a greenifh  yellow  co- 
lour. When  the  faturation  is  complete,  the  dephlogifticated  acid  takes  a concrete 
form,  and  defcends  to  the  bottom  in  yellowifti  flocks,  provided  the  temperature  of 
the  water  be  only  a few  degrees  above  freezing.  An  increafe  of  temperature,  fuch  as 
may  be  produced  by  applying  the  hand  to  the  vefiel,  caufes  this  concrete  matter  to 
affume  the  aerial  form,  and  efcape  in  bubbles  to  the  furface.  The  tafte  of  the  folu- 
tion  is  auftere,  but  does  not  refemble  that  of  acids.  It  combines  with  fixed  alkalis 
without  caufing  them  to  give  out  their  fixed  air,  if  they  be  in  a mild  ftate.  Heated 
with  lime  or  fixed  alkali,  it  emits  vital  air,  and  then  forms  the  fame  faline  combina- 
tions as  the  common  marine  acid  would  have  done  with  them.  It  diflolves  all  me- 
tals direcftly,  without  affording  inflammable  air  as  the  marine  acid  does  with  fome  of 
them,  and  its  faline  combinations  are,  for  the  moft  part,  the  fame  as  the  common 
marine  acid  produces  when  made  to  combine  with  them.  Of  thefe,  however,  we 
fhall  have  occafion  to  treat  more  fully  under  the  refpedive  metals.  It  deftroys  vege- 
table colours,  rendering  them  white,  without  firft  caufing  them  to  become  red  ; and 
it  bleaches  wax. 

When  the  aeriform  dephlogifticated  marine  acid  is  received  in  a folution  of  pure 
vegetable  alkali,  and  the  liquor  evaporated,  two  kinds  of  fait  are  obtained.  The 
one  is  the  common  fait  of  Sylvius,  which  feparates  from  the  fluid  as  the  evaporation 
goes  on  ; and  the  other  is  a fait  which,  being  more  foluble  in  hot  than  cold  water, 
affords  cryftals  by  cooling.  Thefe  are  of  a rhomboidal  figure,  and  a filvery  brilli- 
ancy ; have  an  infipid,  cooling  tafte  refembling  nitre ; donot  deliquefce  in  the  air,  and 
detonate  with  charcoal  or  with  iron  more  ftrongly  than  nitre  itfelf.  This  fait  has 
been  made  into  gun-powder  of  great  force  by  trituration  with  charcoal  and  fulphur. 
By  heat  alone  this  fait  gives  out  vital  air,  and  the  refidue  of  the  detonation  with 
charcoal,  is  the  fait  of  Sylvius,  or  vegetable  alkali  faturated  with  marine  acid.  From 
thefe  circumftances  it  is  evident,  that  a portion  of  the  alkali  imbibes  the  dephlogif- 
ticated marine  acid,  together  with  a portion  of  the  vital  air  which  was  employed  in  de- 
phlogifticating  or  aerating  the  remainder  of  the  marine  acid  ; and  that  this  alkali 
forms  the  detonating  fait,  while  the  acid  which  was  deprived  of  the  overplus  of  air, 
and  by  that  means  ieduced  to  the  common  ftate,  forms  the  fait  of  Sylvius,  which  is 
in  much  the  greateft  proportion  in  the  folution. 

When  a mixture  of  one  ounce  and  a half  of  manganefe  with  five  ounces 
of  concentrated  marine  acid,  and  three  of  ardent  fpirit,  is  expofed  to  diftillation. 
by  a very  gentle  heat,  there  is  fcarcely  any  produdion  of  elaftic  vapours,  but 
a quantity  of  ethereal  liquor  flightly  acid.  In  this  procefs,  the  whole  of  the  dephlo- 
gifticated acid' appears  to  have  united  with  the  ardent  fpirit,  and  formed  an  ether. 
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The  dephlogifticated  marine  acid,  in  the  aeriform  ftate,  a£ts  fomewhat  more  pow- 
erfully upon  bodies  than  when  combined  with  water. 

Much  light  has  been  thrown  upon  a variety  of  chemical  appearances  by  this  ca- 
pital difcovery  of  Scheele,  in  which  the  marine  acid  is  fo  confiderably  changed.  Of 
thefe  we  (hall  have  occafion  to  fpeak  as  they  prefent  themfelves  ; for  which  reafon 
we  (hall  confine  our  attention  in  the  prefent  article  to  fuch  obfervations  as  tend  to 
elucidate  the  theory  of  this  converfion. 

In  the  ancient  theory,  metals,  being  fuppofed  to  confift  of  a calx  united  with  phlo- 
gifton,  are  fuppofed  to  be  diffolved  in  acids,  either  merely,  or  at  lead  chiefly, by  the 
medium  of  part  of  their  phlogifton,  to  which  the  acid  is  fuppofed  to  have  an  attrac- 
tion. For  acids,  being  produced  by  the  combuftion  or  dephlogiftication  of  inflam- 
mable fubftances,  poffefs  more  or  lefs  of  a difpofltion  to  refume  their  combuftible 
(late  according  to  the  nature  and  conditions  of  affinity  under  which  phlogifton  is 
prefented  to  them.  The  marine  acid,  having  a comparatively  weak  a&ion  upon 
metals  and  other  combuftible  bodies,  was  of  courfe,  therefore,  prefumed  to  contain 
naturally  a largfr  portion  of  phlogifton.  The  black  manganefe  is  a calx  of  that 
femi-metal,  which  has  a ftrong  tendency  to  become  reduced  to  the  metallic  ftate,  or, 
according  to  the  fame  enunciation,  to  attract  phlogifton.  This  therefore  is  what  it 
does  when  it  comes  in  contact  with  the  marine  acid  at  a proper  temperature  : It 
dephlogifticates  the  acid,  whole  properties  become  by  that  means  changed,  infomuch 
that  it  is  rendered  eminently  capable  of  afting  on  combuftible  bodies,  which  at  the 
fame  time  reftore  its  original  ftate  by  again  adding  the  phlogifton  before  attracted 
by  the  manganefe. 

The  facility  and  perfpicuity  of  this  explanation  will  be  readily  feen,  and  it  was 
for  a time  admitted  without  controverfy.  It  is  probable,  indeed,  that  the  fcience  of 
chemiftry  might  never  have  afforded  a better,  if  lefs  attention  had  been  paid  to  the 
elaftic  produds  which  are  of  fo  much  importance  in  every  operation,  though  thefcience 
oftheir  effedls  isfo  Very  modern.  It  is  from  the  examination  of  thefe  permanently 
elaftic  fubftances,  that  the  phlogiftians  have  found  themfelves  under  the  neceflity 
of  admitting  other  effective  caufes  in  the  combuftion  of  bodies,  befides  the  mere 
tranlition  of  their  inflammable  principle  ; and  from  this  it  is  that  their  opponents 
have  been  induced  to  maintain,  that  thefe  other  effective  caufes  are  fufficient  to  folve 
the  phenomena  without  the  aid  of  that  principle.  How  far  the  matter  of  heat 
emerging  from  a latent  ftate  by  the  change  of  capacity  in  bodies  may  interrupt  the 
general  reafoning,  cannot  perhaps  be  determined,  while  we  know  fo  little  of  that  fub- 
je<d  as  leaves  even  its  (eparate  exiftence  a matter  of  controverfy.  But  the  tranfi- 
tions  of  the  refpirable  part  of  the  atmofphere,  or  vital  air,  in  combuftion  being 
matter  of  fad,  which  confequently  demands  admiflion  in  our  explanations,  tends 
immediately  to  bring  forward  the  queftion,  how  far  thofe  tranfitions  afford  an  ade- 
quate refult  without  fuppofing  any  other  fubftance.  On  the  fubjedl  before  us,  the 
antiphlogiftian  philofophers  take  notice,  that  manganefe  contains  vital  air,  as  is  proved 
by  its  emitting  that  fluid  when  heated  j and  as  they  ftate  the  aft  of  combuftion  to 
confift  in  the  combination  of  vital  air  with  any  other  body,  theyconfider  the  marine 
acid  in  that  ftate  which  was  called  dephlogifticated,  to  be  the  acid  combined  with  a 
larger  proportion  of  vital  air  than  it  poffefles  in  its  ordinary  ftate.  Its  ftrong  aftion  on 
combuftible  bodies  does  not  therefore,  according  to  them,  confift  in  depriving  them  of 
phlogifton,  but  in  communicating  that  vital  air  which  is  neceffary  to  burn  or  calcine 
them,  and  which,  in  their  theory,  forms  the  medium  of  the  folutionof  metallic  calces 
in  the  fame  manner  as  phlogifton  does  in  the  former  theory. 

Whatever  reafons  the  cautious  philofopher  may  find  to  doubt  the  (lability  of  either 
theory,  it  is  evident  that  the  fafts  may  be  generalized  without  them.  The  dephlo- 
gifticated marine  acid  is  obvioufly  removed  farther  from  the  ftate  of  a combuftible 
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body  than  the  common  marine  acid  ; whence  it  a&s  on  all  combuftible  bodies  more 
ftrongly.  It  appears  worthy  o'-  remark,  however,  that  its  acidity  with  refpefr  to  al- 
kalis and  earths  is  not  increafed  by  this  treatment,  but  on  the  contrary  feems,  as  far 
as  can  be  colledted  from  circumftances,  to  be  diminilhed.  If  this  fad  were  clearly 
eftablifhed,  the  marine  acid  would  follow  a contrary  law  to  that  of  the  vitriolic  and 
nitrous  acids,  which  retain  alkalis  more  ftrongly,  the  more  perfectly  they  aredephlo- 
gifticated,or  the  larger  the  quantity  of  vital  air  which  enters  into  their  compofition. 
It  muft  neverthelefs  be  noticed,  that  the  phlogifticated  nitrous  and  vitriolic  acids 
require  a larger  quantity  of  alkali  for  their  faturation  than  before,  though  they  retain 
it  lefs  ftrongly. 

ACID  OF  MILK.  When  milk  is  expofed  for  fome  hours  in  a ftate  of  repofe, 
a fmall  quantity  of  thick  fluid  rifes  to  the  top,  and  is  known  by  the  name  of  cream. 
This  contains  the  fat  fubftance  called  butter,  which  may  be  feparated  from  it 
by  agitation  in  the  aft  of  churning.  The  remainder  afterwards  becomes  four,  and 
undergoes  coagulation,  which  feparates  it  into  two  parts — a folid  curd,  and  a fluid 
called  ferurn  or  whey.  This  four  whey  contains  a peculiar  acid,  called  the  acid  of 
milk,  and  likewife  a portion  of  vinegar.  The  peculiar  acid  does  not  rife  in  diftilla- 
tion,  but  may  be  feparated  by  evaporating  the  filtered  whey  to  one  eighth  ; and  pre- 
cipitating the  phofphoric  fait  by  the  addition  of  lime  water,  which  fully  faturates  its 
acid:  the  fluid  is  then  to  be  diluted  with  .three  times  its  weight  of  water,  and  the 
lime  precipitated  by  faccharine  acid  ; in  which  operation  the  excefs  of  the 
laft-mentioned  acid  may  be  guarded  againft  by  the  teft  of  a fmall  portion  of  lime 
water.  This  purified  liquor  muft  then  be  evaporated  to  the  confidence  of  honey  ; 
and  the  other  foreign  fubftances  it  may  contain  will  be  feparated  by  the  addition  of 
pure  ardent  fpirit,  which  takes  up  the  acid  of  milk  only.  The  decanted  folution  be- 
ing then  diluted  with  water,  and  heated,  the  ardent  fpirit  flies  off,  and  leaves  the 
acid  of  milk  behind  , diffolved  in  the  water. 

This  acid  does  not  afford  cryftals  ; and,  when  evaporated  to  drynefs,  it  deliquefces 
again  by  expofure  to  air.  With  mineral  alkali  it  affords  a fait  poffeffing  the 
fame  properties.  With  volatile  alkali  it  produces  a deliquefcent  fait,  which  yields 
much  of  its  alkali  by  diftillation  before  the  acid  is  deftroyed  by  heat.  With  lime, 
clay,  and  ponderous  earth  it  forms  deliquefcent  falts  ; but  with  magnefia  it  affords 
fmall  cryftals,  which  at  length  deliquefce.  The  acid  of  milk  diffolves  iron  and  zinc, 
and  produces  inflammable  air.  Copper  affords  a dark  blue  folution,  which  does  not 
cryftallize.  Lead  is  diffolved  after  fome  days  digeftion,  and  affords  veftiges  of  vi- 
triolic acid.  Bifmuth,  cobalt,  antimony,  tin,  mercury,  filver  and  gold,  are  not  af- 
fecfted  by  this  acid  in  a digeftive  or  boiling  heat.  Deftruftive  diftillation  decora - 
pofes  the  acid  of  milk  : water  firft  comes  over  ; then  a weak  acid  refembling  the 
empyreumatic  acid  of  tartar  ; afterwards  fome  empyreumatic  oil,  with  more  of  the 
fame  acid,  and  alfo  fixed  air,  and  the  heavy  inflammable  air.  A coal  remains  in 
the  retort. 

ACID  OF  MOLYBDENA.  Molybdena  is  a fubftance  which  greatly  refem- 
bles  plumbago  or  black  lead;  but  its  texture  isfcaly,  and  it  is  noteafily  pulverifed,on 
account  ofa  degree  of  flexibility  which  its  laminae  poflefs.*  It  may  however  be  re- 
duced to  powder' by  grinding  in  a mortar  with  fome  vitriolated  tartar  ; the  hard nefs 
and  angular  figure  of  the  particles  of  this  fait  tending  greatly  to  facilitate  the  divi- 
fion.  The  fait  may  afterwards  be  wafhed  off  by  three  or  four  affufions  and  decan- 
tations of  hot  water. 

None  of  the  known  acids  have  any  effeft  upon  molybdena,  except  thofe  of  arfenic 
and  of  nitre.  The  molybdena  is  not  attacked  by  the  acid  of  arfenic  till  he  water  is 
evaporated.  If  then  the  heat  be  increafed  a little,  arfenic  rifes  into  the  neck  of  the 
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^retort,  and  towards  the  end  of  the  operation  yellow  arfenic  or  orpiment  is  fublimed. 
Volatile  fulphureous  acid  goes  over  into  the  receiver. 

The  concentrated  nitrous  acid  being  poured  upon  powdered  molybdena  in  the 
proportion  of  two  parts  of  the  former  to  one  of  the  latter  ; the  mixture  was  fcarcely 
warmed  in  the  retort,  before  the  whole  mafs  paffed  over  into  the  receiver  with  great 
heat.  Scheele  confiders  this  mixture  as  in  danger  of  taking  fire  when  the  quantity 
is  large,  and  therefore  ufes  the  diluted  nitrous  acid.  » 

Six  ounces  of  diluted  nitrous  acid  were  diftilled  from  one  ounce  and  a half  of  the 
powdered  molybdena.  No  effedt  took  place  during  the  digeftion  ; but  as  foon  as  the 
mixture  began  to  boil,  red  vapours  were  extricated  with  great  intumefcence,  fo  that 
it  is  neceffary  to  ufe  a large  retort.  The  diftillation  was  continued  to  drynefs;  after 
which  the  fame  quantity  of  nitrous  acid  was  again  poured  on  the  refiduum,  and  dif- 
tilled off  with  the  fame  appearances  as  before.  This  procefs  was  again  and  again 
repeated  until  the  fourth  or  fifth  time  ; the  refidual  powder  becoming  lefs  and  lefs  in 
quantity,  until  at  lafl  it  confided  of  fix  drams  and  a half  of  white  pulverulent  matter 
refembling  chalk.  This  fubflance,  by  edulcoration  with  hot  water,  afforded  fome 
acid  of  vitriol  and  afmall  quantity  of  iron.  The  white  pulverulent  matter  is  the  acid 
of  molybdena.  It  exhibits  weak  acid  properties.  Molybdena  may  likewife  be  con- 
verted into  the  acid  date  by  detonation  in  a red  hot  crucible  with  four  times  its 
weight  of  purified  nitre.  Thereddifh  alkaline  mafs  which  remains  is  to  bediffolved 
in  water,  and  affords  both  vitriolated  tartar  and  nitre  by  evaporation.  The  remaining 
lixivium  appears  to  confid  of  a combination  of  the  acid  of  molybdena  with  a portion 
of  the  alkali.  This  acid  falls  down,  upon  the  addition  of  diluted  vitriolic  acid  j which 
however  mud  be  cautioufly  added,  becaufe  an  excefs  will  fufpend  the  precipitate  ; 
and  if  the  folution  be  hot,  no  precipitate  whatever  enfues.  The  nitrous  or  marine 
acids  may  likewife  be  ufed  in  this  procefs,  indead  of  the  vitriolic.  It  is  not  eafy  to 
deprive  this  precipitate  of  the  lad  portions  of  alkali. 

The  acid  of  molybdena  requires  about  dve  hundred  times  its  weight  of  water  to 
diffolve  it ; and  the  folution  reddens  lacmus,  coagulates  the  folution  of  foap,  and  pre- 
cipitates liver  of  fulphur.  The  addition  of  vegetable  alkali  forms  a fait  which  is 
much  more  foluble  in  water  than  the  pure  acid  itfelf,  and  affords  crydals  by  evapo- 
ration. This  neutral  fait  does  not  rife  by  the  adlion  of  heat,  like  the  pure  acid  itfelf. 
With  volatile  alkali  it  forms  a neutral  fait,  which  parts  with  its  alkali  in  a gentle  heat. 
The  folution  of  the  acid  of  molybdena  expels  fixed  air  from  chalk  or  magnefia,  and 
effervefces  with  earth  of  alum,  forming  falts  of  difficult  folution  with  thefe  earths.  It 
precipitates  ponderous  earth  from  itsnitrous  or  marine  folutions,  and  forms  a neutral 
compound  very  fparingly  foluble  in  cold  water  ; but  it  does  not  precipitate  the  fo- 
lution of  other  earths.  It  precipitates  filver,  mercury,  and  lead  from  the  nitrous 
acid,  and  alfo  lead  from  the  marine  acid.  Thefe  precipitates  are  reduced  by  the 
blow-pipe  upon  charcoal,  at  the  fame  time  that  the  acid  is  abforbed.  The  other 
metals  are  not  precipitated.  The  neutral  alkaline  falts  of  molybdena  precipitate  all 
metallic  folutions.  Gold,  corrofive  fublimate,  zinc  and  manganefe  are  precipitated 
in  the  form  of  a white  powder  ; iron  and  tin  from  their  folution  in  marine  acid  of  a 
brown  colour  ; cobalt,  of  a rofe  colour  ; copper,  blue  ; and  the  folutions  of  alum 
and  quick  lime,  white. 

The  concentrated  vitriolic  acid  diffolves  a confiderable  quantity  of  the  acid  of 
molybdena,  the  folution  becoming  of  a fine  blue  colour  as  it  cools,  at  the  fame  time 
that  it  thickens  : the  colour  difappears  again  on  the  application  of  heat,  but  returns 
again  by  cooling.  A -ftrong  heat  expels  the  vitriolic  acid.  The  nitrous  acid  has  no 
effeft  on  it ; but  the  marine  acid  diffolves  it  in  confiderable  quantity,  and  leaves  a 
dark  blue  refiduum  when  diftilled.  With  a ftrong  heat  it  expels  a portion  of  vitriolic 
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acid  from  vitriolated  tartar.  1c  alfo  difengages  the  acid  from  nitre  and  common 
fait  by  diftillation.  It  has  fomea&ion  upon  the  filings  of  the  metals  in  the  moiftway. 

When  molybdena  is  fufed  with  a fixed  alkali,  it  forms  an  hepatic  compound, 
that  affords  fulphur  by  precipitation  ; from  which  circumftance  the  prefence  of 
fulphur  in  this  mineral  is  afcertained.  The  fame  fad;  is  likewife  afcertained  from 
the  prefence  of  vitriolic  acid  in  the  analyfis  of  molybdena,  when  it  is  acidified  by  the 
abftradion  of  nitrous  acid.  This  truth  is  alfo  afcertained  fynthetically.  When  the 
acid  of  molybdena  is  heated  with  fulphur  in  a retort,  placed  in  fucha  manner  as 
that  the  fublimed  fulphur  may  melt  and  run  back  again,  a combination  between 
thefe  two  fubftances  is  at  length  produced,  and  the  fuperfluous  fulphur  flies  off,  be- 
ing partly  converted  into  volatile  vitriolic  acid.  The  refidue  is  found  to  bey  in  every 
refped,  the  fame  as  the  native  molybdena.  The  analyfis  of  molybdena  by  the  ni- 
trous acid,  fhewed  that  it  confifts  of  fulphur  united  to-a  peculiar  acid,  or  acid  bafts  ; 
and  this  fynthetical  produdion  of  molybdena  proves  the  fame  thing. 

ACID  NITROUS, or  The  Spirit  of  Nitre  of  Commerce.  This  acid  is 
obtained  by  diftillation  with  an  intermedium,  nearly  in  the  fame  manner  as  in  the 
manufaduring  of  the  marine  acid.  In  the  procefs  for  making  that  fpirit  of  nitre, 
which  is  called  aqua  fortis,  two  parts  of  dry  and  powdered  clay  are  well  mixed 
with  one  part  of  nitre  in  a ftone  ware  retort,  to  which  a veffel  of  the  fame  form  and 
kind  is  luted  as  a receiver.  The  diftillation  is  effeded  by  an  heat  gradually  raifed 
to  ignition  in  areverberatory  furnace.  The  filiceous  earth  with  which  the  clay  abounds 
unites  with  the  alkali  of  the  nitre,  and  fets  its  acid  at  liberty.  Very  good  fpirit  of 
nitre  may  be  made  in  this  way  j but  the  manufadurers  feldom  life  any  con- 
fiderable  degree  of  care,  on  account  of  the  low  price  at  which  they  fell  the  produd. 
The  nitre  they  make  ufe  of  in  general  contains  common  fait  ; from  which  circum- 
ftance the  aqua  fortis  is  often  vitiated  by  an  admixture  of  marine  acid. 

Spirit  of  nitre  is  obtained  either  by  the  intermedium  of  martial  vitriol,  or  of  the 
vitriolic  acid  itfelf.  In  the  firft  method  the  vitriol  is  deprived  of  its  water  of  cry f- 
tallization  by  heat,  and  then  mixed  with  an  equal  weight  of  very  pure  nitre,  both 
fubftances  being  previoufly  pulverized.  They  are  then  poured  into  a good  earthen 
ware  retort  through  a paper  funnel,  which  pafles  into  the  belly  of  the  retort,  and 
prevents  any  of  the  powder  from  adhering  to  its  neck.  The  retort  is  placed  in  a 
reverberatory  furnace  upon  an  earthen  dilh  filled  with  fand.  A large  glafs  balloon  or 
receiver  is  to  be  fitted  and  luted  to  the  retort  with  fat  lute,  round  which  is  to  be 
wrapped  a cloth  foaked  in  a thin  pafte  of  the  white  of  eggs,  and  flacked  lime.  It  is 
neceflary  that  the  receiver  Ihould  have  afmall  hole  in  its  upper  part,  for  the  elaftic 
vapours  to  efcape.  The  diftillation  muft  be  commenced  with  a very  flow  fire. 
Red  vapours  are  foon  extricated,  and  the  fpirit  of  nitre  pafles  over  in  drops.  As 
foon  as  the  retort  is  red  hot,  and  the  vapours  ceafe  to  come  over,  the  fire  muft  be 
flackened  and  fullered  to  go  out;  and  when  the  vefiels  are  cooled,  the  receiver  muft 
be  cautioufly  withdrawn,  and  its  contents  quickly  poured  through  a glafs  funnel  into 
a clean  and  dry  glafs  bottle,  which  is  to  be  immediately  afterwards  clofed  with  a glafs  • 
Hopper.  Great  care  muft  be  taken  to  avoid  the  fumes  which  arife  during  the  pour- 
ing of  this  acid.  The  bell  method  of  doing  this,  confifts  in  Handing  in  a current  oft 
air,  fo  that  the  vapours  may  be  blown  from  the  operator.  Other  precautions  are 
likewife  neceflary  in  the  management  of  the  heat,  and  the  occafional  opening  of  the 
fmall  hole  of  the  receiver.  But  thefe  difficulties  are  in  a great  meafure  removedby 
the  pneumatic  apparatus  of  Woulfe.  See  Apparatus. 

The  fpirit  of  nitre  obtained  in  this  way  is  of  the  kind  called  phlogifticated,. 
and  emits  copious  fumes,  which  aflume  a dark  red  colour  when  they  mix 
with  the  air.^ 
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The  method  of  dialling  nitrous  acid  from  nitr-e  by  the  intermedium  of  vitriolic 
acid  is  much  more  eafy,  quick  and  convenient  than  the  foregoing.  It  is  performed 
by  putting  a quantity  of  very  pure  nitre  into  a Hone  ware  or  glafs  retort.  Upon 
this  one  third  part  of  highly  concentrated  vitriolic  acid  is  to  be  poured  through  a 
glafs  funnel,  the  idem  of  which  ought  to  be  fufficiently  long  to  reach  into,  the  belly 
of  the  retort.  The  receiving  apparatus  muft  be  adopted  as  in  the  foregoing  opera- 
tion, and  the  procefs  muft  be  conduced  with  fimilar  precautions. 

If  it  be  fufpetfted  that  any  portion  of  vitriolic  acid  may  have  pafled  over  towards 
the  end  of  the  operation,  the  acid  may  be  redtihed  by  dift illation  from  a portion  of 
very  pure  nitre.  The  quantity  of  nitrous  acid  obtained  in  this  way,  is  about  five 
eighths  of  the  weight  of  the  nitre. 

When  nitrous  acid  is  fufpedted  to  be  adulterated  with  marine  acid,  it  is  purified  by 
the  addition  of  final]  portions  of  the  nitrous  folution  of  filver,  which  is  to  be  added  as 
long  as  any  precipitate  falls  down.  The  precipitate  confifts  of  the  filver  united  with 
marine  acid.  It  is  advantageous  in  the  firft  place  to  afcertain  the  due  quantity  of  me- 
tallic folution  neceflary  to  be  added  to  a large  quantity,  by  making  experiments  with 
fmaller  quantities  of  the  two  fluids. 

The  obvious  charadlers  of  nitrous  acid,  are  : i.  It  is  of  a yellow  or  reddifh  colour, 
but  may  be  rendered  pellucid  by  a flight  boiling  in  a retort,  which  expels  a quan- 
tity of  elaftic  fluid,  known  by  the  name  of  nitrous  air.  2.  It  emits  yellow  fumes, 
which  confift  of  nitrous  air  in  the  act  of  uniting  with  the  vital  air  of  the  atmofphere. 
3.  Its  greateft  fpecific  gravity  is  1580  : 1000  compared  with  water,  and  it  has  a con- 
fiderable  degree  of  volatility.  4.  When  highly  concentrated,  it  ftrongly  attracts  the 
humidity  of  the  atmofphere.  5.  It  developes  a confiderable  degree  of  heat  when 
mixed  with  water,  but  when  mixed  with  ice  it  produces  intenfe  cold.  6.  A certain 
proportion  of  water  converts  its  colour  to  a deep  blue  or  green,  while  the  vapours  ft  ill 
continue  of  their  original  yellowifh  red.  7.  The  adtio.n  of  light  expels  vital'  air 
from  the  pale  nitrons  acid,  at  the  fame  time  that  the  acid  obtains  a deeper  or  yel- 
lowifh  colour. 

This  acid  in  combination  with  calcareous  earth  forms  a fait,  whofe  cryftals  de- 
liquefce  by  expofure  to  the  air,  and  arefoluble  in  twice  their  weight  of  cold,  or  their 
own  weight  of  boiling  water.  With  ponderous  earth,  it  forms  a fait  of  difficultfolu- 
-bility.  With  magnefia,  it  forms  an  acrid  bitter  fait,  which  is  very  folublein  water, 
and  deliquefcent  in  the  air.  With  clay,  it  forms  an  auftere  fait  of  difficult  folution. 
None  of  thefe  have  yet  been  applied  to  any  ufe. 

With  the  vegetable  alkali  this  acid  forms  common  nitre  ; a fait  whofe  production, 
and  the  influence  its  ufes  have  had  upon  civil  fociety,  render  it  an  objedl  worthy  of  the 
moft  particular  attention.  See  Nurf.  and  Gcjn- powder. 

With  the  mineral  alkali,  it  forms  a fait,  called  quadrangular  nitre,  from  the  ufual 
form  of  its  cryftals.  About  three  times  its  weight  of  water  is  required  to  hold  it  in 
folution  in  a mean  temperature,  and  it  is  fcarcely  more  foluble  in  hot  water. 
Its  properties  referable  thofe  of  common  nitre  ; but  it  is  lefs  fit  for  making  gun-pow- 
der, becaufe  it  attrafts  the  humidity  of  the  air. 

The  nitrous  acid  in  combination  with  the  volatile  alkali  forms  nitrous  ammoniac,  a 
fait  which  ftightly  attrafls  the  humidity  of  the  air,  and  is  foluble  in  lefs  than  its  own 
weight  of  water.  If  this  fait  be  expofed  to  heat  in  clofed  veffels,  it  fuddenly  explodes  ; 
part  of  the  acid  and  alkali  are  deftroyed,  and  the  aerial  produft  is  phlogifticated  air. 

There  is  no  part  of  chemical  fcience  more  eminently  inftrucftive,  or  more  fruitful 
in  its  confequences,  than  that  which  relates  to  the  nitrous  acid.  In  many  inftances,  it 
is  compofed,  and  in  others  decompofed,  or  reduced  to  its  component  parts  ; and  it 
has  been  in  a great  meafure,  from  the  analogies  afforded  by  the  phenomena  of  this 
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acid,  that  the  general  and  very  perfpicuous  modern  dodlrine  of  the  nature  of  acids 
has  been  derived. 

It  has  long  been  well  known,  that  the  nitrous  acid,  inftead  of  exifting  in  confider- 
able  mafles  in  the  mineral  kingdom,  like  the  vitriolic  and  marine  acids,  is  almoft 
always  produced  by  a concurrence  of  circumftances,  chiefly  confuting  in  the  expofi- 
tion  of  putrefying  fubftances  to  the  atmofphere,  together  with  a calcareous  or  other 
bafe  to  receive  the  acid.  Upon  thefe  fadls  was  founded  the  popular  notion  of  nitrous 
particles  exifting  in  the  air.  Meffrs.  Thouvenels,  in  their  memoir  which  gained  a 
prize  from  the  Academy  of  Paris,  relate  a variety  of  experiments  in  which  the  natu- 
ral procefs  of  the  formation  of  nitre  was  imitated.  They  obferve  that  calcareous 
earths,  in  the  mild  ftate,  are  the  fitteft  bafes  for  the  reception  or  production  of  nitre ; 
that  magnefia  and  clay  have  very  little  effeCt,  and  alkalis  none  at  all  ; that  the  pre- 
fence of'atmofpherical  or  vital  air  is  necefiary  in  this  procefs,  but  no  length  of  expo- 
fure  of  the  calcareous  bafes  to  vital  air  alone  is  fufficient  to  produce  nitre  ; that  none 
of  the  permanently  elaftic  fluids  or  airs  afford  nitrous  acid,  excepting  air  impregnated 
with  putrid  effluvia}  and  that  this  air  was  deprived  of  its  virtue  in  this  refpefr  by  wadi- 
ing  in  lime  water,  or  in  a cauftic  alkali.  From  thefe  experiments,  which  were  per- 
formed by  expofure  of  the  fubftances  refpeftively  to  each  other  during  a long  courfe 
of  time  in  very  large  glafs  veffels,  it  appears  to  be  eftablifhed,  that  nitrous  acid  is 
produced  by  the  union  of  two  or  more  principles  which  are  always  found  in  atmo- 
spherical air,  and  in  the  exhalations  from  putrid  fubftances.  But  it  is  to  Mr.Cavendifh 
that  we  are  indebted  for  the  capital  difcovery,  that  nitrous  acid  is  produced  when  a 
mixture  of  phlogifticated  and  of  vital  air  isexpofed  for  a long  time  to  the  aClioh  of  the 
eleCtric  fpark. 

This  * experiment  was  performed  by  enclofing  a mixture  of  two  parts,  by  meafure, 
of  vital  ai-r,  obtained  without  the  ufe  of  nitrous  acid,  and  one  of  phlogifticated  air,  or, 
which  is  the  fame  thing,  five  parts  of  vital  and  four  of  common  air,  in  the  upper  part 
of  a fyphon  in  which  it  was  confined  by  mercury.  The  legs  of  the  fyphon  flood  in  two 
fmall  glafs  veffels  feparately  infulated,  to  one  of  which  the  eledtric  fparks  were  commu- 
nicated, and  paffed  off  to  the  common  flock  through  the  other.  A fmall  quantity  of 
foap  lees,  or  Solution  of  cauftic  alkali,  was  admitted  into  the  cavity  which  contained 
the  air.  This  is  a flow  operation,  and  requires  the  quantity  of  air  to  be  renewed 
very  often,  to  fupply  the  abforption  which  takes  place.  The  abforbed  matter  is  found  to 
confift  of  nitrous  acid,  as  is  plainly  proved  by  the  exiftence  of  true  nitre  in  the  foap 
lees.  When  the  electricity  is  ftrong,  no  indication  of  the  foap  lees  becoming  fatu- 
rated  is  afforded  by  any  ceffation  in  the  diminution  of  the  air ; but  the  nitrous  acid 
continues  to  be  abforbed,  and  enters  into  combination  with  fome  of  the  mercury. 
This  admixture  of  mercurial  nitre  prevents  the  deflagration  of  paper  dipped  in  the 
foap  from  being  fo  vivid  as  it  would  otherwife  have  been.  Mr.  Cavendifh  appre- 
hends that  the  quantity  of  acid  produced,  and  confequently  the  faturation  of  the 
foap  lees  depends  only  on  the  quantity  of  phlogifticated  air  abforbed,  and  that  the 
effedl  of  the  greater  or  lefs  quantity  of  dephlogifticated  air  is  only  to  make  the  nitre 
produced  more  or  lefs  phlogifticated.  In  the  experiment  performed  in  the  year  1787, 
the  bulk  of  the  phlogifticated  air  was  12  TV  that  of  the  foap  lees.  In  Mr.  Caven- 
difh’s  firft  experiment,  it  was  1 1 -Ar,  and  in  his  laft  10  -j-V 

The  reafoning  of  philofophers  upon  this  leading  fadt  has  been  as  various  as  their 
refpeftive  notions  concerning  the  compofltion  of  the  two  airs.  Thofe  who  believe 
that  the  fluid  called  phlogifticated  air  does  confift  of  an  elaftic  fluid  containing  a 

* Confult  Mr.  Cavendifli’s  papers- in  the  Philofophical  Tranfa&ions,  vol,  lxxv.  and  vol.  lxxviii. 
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confiderable  portion  of  phlogifton,  have  fuppofed  that  the  vital  or  dephlogifticated 
air,  by  the  procefs  of  combuftion,  deprived  the  phlogifticated  air  of  the  principle  of 
inflammability;  fo  that  the  nitrous  acid  with  them  is  the  balls  of  phlogifticated  air. 
Others,  perhaps  with  equal  probability,  have  fuppofed  that  the  nitrous  acid  was 
produced  by  the  union  of  vital  air  with  a due  proportion  of  the  inflammable  princi- 
ple obtained  from  the  phlogifticated  air  : and  laftly,  the  chemifts  who  rejeCt  phlo- 
gifton altogether,  and  are  defirous  of  conlidering  all  bodies  as  Ample  until  they  are 
proved  by  experiment  to  be  compounded,  affirm  that  the  two  airs  which  difappear 
in  this  experiment,  have  combined  together,  and,  confequently,  that  nitrous  acid  is  a 
compound  of  vital  air  and  phlogifticated  air.  Whichfoever  of  thefe  inferences  be 
employed  in  the  general  explanation  of  the  faCts,  it  is  evident,  that  a certain  degree 
of  confiftency  will  attend  the  explanation  throughout,  becaufe,  generally  fpeaking, 
the  infertion  of  fuppofitions  which,  though  not  fully  warranted  by  experiment,  are  not 
contradictory  to  the  faCts  we  are  in  poffeffion  of,  will  not  be,  productive  of  abftirdity, 
though  it  tends  greatly  to  leffen  the  limplicity  of  any  explanation.  In  the  reft  of  this 
article  we  fhall  however,  as  the  fafeft  and  leaft  intricate  method  of  proceeding,  con- 
fider  the  nitrous  acid  as  compofed  of  vital  and  phlogifticated  air,  without  entering 
into  the  enquiry  whether  thofe  airs  be  Ample  or  compound  bodies,  relative  to  the 
prefentftate  of  our  knowledge. 

Nitrous  acid  has  been  lately  produced  by  the  Rev.  Ifaac  Milner  *,  of  Cambridge, 
in  a lefs  Ample  though  very  perfpicuous  and  elegant  manner.  He  expofed  the 
volatile  alkali  in  the  aerial  form,  to  vital  air,  at  the  inftant  of  its  extrication  from 
manganefe  ignited  in  a gun-barrel.  Themanganefe  was  ufed  in  rough  powder,  for 
when  it  is  too  finely  powdered,  the  tube  becomes  choaked  up.  Cauftic  volatile 
alkali  was  contained  in  a retort  affixed  to  the  end  of  the  gun-barrel,  and  this  was  made 
to  emit  alkaline  air  by  boiling.  At  the  other  end  of  the  gun-barrel  was  a tube  which 
palled  beneath  a pneumatic  apparatus.  It  muft  be  imagined  of  courfe  that  the  man- 
ganefe occupied  the  middle  of  the  gun-barrel,  at  which  place  the  heat  was  applied  to 
ignite  it.  The  confequence  was,  that  nitrous  air  came  out  of  the  end  of  the  gun-barrel  at 
the  time  that  the  alkaline  air  was  introduced  at  the  other  end  : but  this  effeCt  did  not 
take  place  without  the  prefence  of  the  alkaline  air.  Mr.  Milner  obferves,  that  there 
is  a caufe  of  deception  in  the  experiment,  again!!  which  the  operator  ought  to  be  on 
his  guard,  left  he  (hould  conclude  that  no  nitrons  air  is  formed,  when  in  reality  there 
is  a confiderable  quantity.  The  volatile  alkali,  notwithftanding  every  precaution, 
will  frequently  pafs  over  in  great  quantities  undecompofed.  If  the  receivers  are 
filled  with  water,  a great  part  of  this  will  indeed  be  prefently  abforbed  ; but  ftill 
fome  portions  of  it  will  mix  with  the  nitrous  air  formed  by  the  procefs.  Upon  ad- 
mitting the  atmofpherical  air,  the  nitrous  air  is  decompofed,and  the  red  nitrous  fumes 
inftantly  combine  with  the  volatile  alkali.  The  receivers  are  prefently  filled  with 
white  clouds  of  nitrous  ammoniac;  and  in  this  manner  a wrong  conclufion  may 
eafily  be  drawn,  from  the  want  of  the  orange  colour  of  the  nitrous  fumes.  A confi- 
derable quantity  of  nitrous  air  may  have  been  formed,  and  yet  no  orange  colour  ap- 
pear, owing  to  this  circumftance ; and  therefore  it  is  eafy  to  underftand  how  a fmall 
quantity  of  nitrous  air  may  be  moft  effectually  difguifed  by  the  fame  caufe. 

This  acute  chemift,  confidering  that  there  are  many  other  fubftances  befides  the 
calx  of  manganefe  which  are  known  to  afford  dephlogifticated  air,  was  induced  to 
make  the  experiment,  whether  they  would  not  alfo  afford  nitrous  air  upon  the  ap- 
plication of  volatile  alkali.  With  red  lead,  his  experiments  did  not  fucceed;  but  he 


* Philofophical  Traafa&ious,  yoI,  Ixxix,  page  306. 
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finds  it  difficult  to  perfuade  himfelf  that  it  would  not  anfvver  with  a more  perfedt 
apparatus  than  that  ufed  by  himfelf.  With  calcined  martial  vitriol  he  had  much 
better  fuccefs.  The  fait  was  calcined  to  whitenefs,  and  put  into  a gun-barrel  ; and 
after  feveral  trials  of  forcing  the  volatile  alkali  through  the  hot  tube,  he  procured 
fome  ounces  of  ftrong  nitrous  air. 

As  calcined  green  vitriol  affords  vital  air  when  urged  by  a ftrong  heat,  he  had 
no  doubt,  after  this  experiment,  but  that  any  fubftance  poffeffing  the  fame  property 
might,  by  fimilar  treatment,  be  made  to  afford  nitrous  air.  But  in  this  fuppofition  he 
found  himfelf  entirely  miftaken.  The  volatile  alkali*  was  applied  to  fome  calcined 
alum  at  the  moment  when  it  was  yielding,  in  a ftrong  heat,  plenty  of  dephlogifticated 
air.  The  product  was  an  aftonilhing  quantity  of  inflammable  air  mixed  with  hepa- 
tic air  and  actual  fulphur.  The  refiduum  of  the  alum  had  a ftrong  hepatic  fmell, 
and  contained  particles  of  perfectly  formed  fulphur. 

Moft  of  the  experiments,  if  not  all,  were  repeated  in  earthen  tubes  inftead  of  gun- 
barrels,  and  with  the  fame  fuccefs. 

After  premifing  a circumftance  of  which  we  have  not  yet  fpoken,  namely, that 
nitrous  air  fpontaneoufly  unites  with  vital  air,  and  forms  nitrous  acid;  from  which  and 
other  fadts  it  is  feen  that  nitrous  air  confifts  of  the  acid  in  an  imperfedt  ftate,  for 
want  of  a due  proportion  of  vital  air;  and  confequently  that  the  produdtion  of  nitrous 
air  may  be  conlidered  as  a produdtion  of  nitrous  acid : we  cannot  do  better  than 
add  the  explanation  or  theory  of  the  foregoing  fadls  in  the  words  of  the  author. 

“ i.  Nitrous  air  and  dephlogifticated  air,  by  mixture,  produce  nitrous  acid  ; and 
nitrous  acid,  by  mere  heat,  is  converted  into  a mixture  of  phlogifticated  and  dephlo- 
gifticated airs. 

<c  2.  Nitrous  air,  by  the  methods  already  related,  is  changed  into  phlogifticated 
air ; and  thefe  methods  feem  to  confift  in  abftradting  from  the  nitrous  air  a quantity 
of  dephlogifticated  air. 

“ 3.  When  nitrous  acid  and  nitre  are  produced  in  a natural  way,  the  procefs  is 
not  well  underftood  ; but  the  prefence  of  the  atmofphere  is  known  to  be 
neceffary. 

“ 4.  Mr.  Cavendifli’s  experiment  is  decifive  on  this  point.  The  union  of  the 
two  airs  inqueftion  is  effedted  by  means  of  the  eledtrical  fpark,  and  nitrous  acid  is  the 
produdV. 

“ In  the  next  place  we  are  to  conflder,  that  volatile  alkali  contains  phlogifticated 
air  ; for, 

<c  1.  Volatile  alkali,  by  mere  heat,  or  by  the  eledtrical  fpark,  is  changed  into  a 
mixture  of  phlogifticated  and  inflammable  air  ; and, 

<c  2.  The  refiduum  of  volatile  alkaline  air,  after  the  calces  of  the  lead  have  been 
revived  in  it,  is  phlogifticated  air. 

“ Therefore,  when  volatile  alkali,  in  the  form  of  fume  or  air,  is  applied  to  red 
hot  manganefe,  or  calcined  green  vitriol  (fubftances  which  are  then  yielding  dephlo- 
gifticated air),  with  thefe  fadts  in  view,  it  feemsnot  difficult  to  conceive,  that  one  of 
the  ingredients  of  the  alkali,  viz.  phlogifticated  air,  fhould  combine  with  dephlo- 
gifticated air,  and  form  nitrous  acid  or  nitrous  air.  If  nitrous  acid  be  formed,  it  will 
indeed,  in  that  heat,  as  has  been  obferved,  be  inftantly  decompofed  ; but  if  the 
effedt  of  the  union  be  nitrous  air,  that  will  fuftain  the  heat  without  decompofition. 
How  it  happens,  that  nitrous  air  fhould  be  formed,  and  not  nitrous  acid,  or  wh3t 
the  reafon  is,  that  nitrous  air  can  fuftain  a red  heat  without  decompofition,  when 
nitrous  acid  cannot,  I am  unable  to  fay  ; and  it  is  better  to  acknowledge  our  igno- 
rance than  advance  groundlefs  conjedtures.  So  much,  I think,  may  be  pronounced 
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as  certain,  viz.  that  nitrous  air  contains  lefs  dephlogifticated  air  than  nitrous  acid  £ 
becaufe  it  requires  the  addition  of  dephlogifticated  air  to  become  nitrous  acid. 

“ And  laftly,  it  I miftake  not,  the  experiment  with  the  calcined  alum  proves,  that, 
in  order  to  produce  nitrous  air,  it  is  not  fufficient  merely  to  apply  volatile  alkaline 
air  to  a fubftance  which  is  adtually  yielding  dephlogifticated  air. 

“ Perhaps  the  prefence  of  another  fubftance  is  required,  which  has  a ftrong  at- 
traction for  phlogifton.  Perhaps,  in  the  experiments  with  the  calces  of  manganefe 
and  of  iron  the  inflammable  principle  of  the  volatile  alkali  combines  with  the  calces 
of  the  metals,  and  the  phlogifticated  air,  the  other  component  part,  unites  with 
the  dephlogifticated  air;  and  if  fo,  it  feems  not  improbable  to  fuppofe,  that 
when  alum  is  made  ufe  of,  the  inflammable  principle  of  the  volatile  alkali  having 
little  or  no  attraction  for  clay,  the  bafis  of  the  alum  fhould  combine  with  its  acid, 
and  form  fnlphur.  If  this  reafoning  be  true,  then  it  follows,  that  the  vitriolic 
acid  has  a ftronger  affinity  to  the  inflammable  principle  than  it  has  to  phlogifti- 
cated air  ; and  the  procefs  with  the  green  vitriol  and  manganefe  is  to  be  explained 
by  the  operation  of  a double  affinity  : the  inflammable  principle  of  the  volatile 
alkali  joins  with  the  calx  of  iron,  the  bafis  of  the  vitriol,  or  with  the  manganefe, 
and  the  phlogifticated  air  with  the  dephlogifticated  air  produced  by  the  acid  in. 
the  red  heat. 

“ Thofe  who  choofe  to  rejeClthe  doCtrine  of  phlogifton  muft  make  the  neceflary 
alteration  in  thefe  expreflions  : but  the  reafoning  will  be  much  the  fame.” 

The  experiments  which  fhew  the  decompofition  of  nitrous  acid  are  not  lefs  in- 
ftruCtive  than  thofe  which  prove  its  compofition.  When  pale  nitrous  acid  is  ex- 
pofed  to  the  aCfion  of  light,  there  is  an  emiflion  of  vital  air,  and  the  colour  of  the 
acid  becomes  deeper  than  before. 

This  effeCl  of  light  appears  to  take  place  upon  the  nitrous  vapour  in  which  the 
dephlogifticated  air  is  rendered  permanently  elaftic,  while  the  imperfeCt  acid  or 
nitrous  air  is  abforbed  by  the  fluid.  It  fhould  feem  therefore  that  the  dephlogifti- 
cated or  vital  air  is  more  difpofed  to  affume  the  permanently  elaftic  ftate  than  the 
other  component  part,  namely,  the  phlogifticated  air,  which  laft  appears  obftinately 
to  retain  a portion  of  the  vital  air,  fo  as  to  preferve  the  form  of  nitrous  air. 

Mere  heat,  applied  to  the  acid  by  boiling  it  in  glafs  tubes  of  a fufficient  capacity 
or  length  to  admit  of  the  operation  being  performed  in  perfeCt  fafety,  effeCls  the 
fame  thing.  Vital  air  is  emitted,  and  the  acid  becomes  of  a deeper  colour,  or  phlo- 
gifticated. In  thefe  fa£ts  *,  however,  there  are  circumftances  which  appear  to  indi- 
cate that  the  procefles  are  not  quite  fo  fimple  as  here  ftated.  The  dephlogifticated 
air  emitted  is  by  no  means  perfectly  pure  ; and  when  the  upper  part  of  the  tube  is 
previoufly  filled  with  phlogifticated  or  with  inflammable  air,  the  quantities  of  thefe 
are  diminifhed.  Thefe  circumftances  feem  to  indicate  either  a decompofition  of 
the  water,  or  a greater  degree  of  compofition  in  the  refpeCtive  aerial  fubftances, 
particularly  the  phlogifticated  air,  than  chemifts  have  of  late  years  been  habituated 
to  allow.  In  the  ufual  diftillation  of  nitrous  acid  the  fame  decompofitions  take 
place,  according  to  the  degree  of  heat,  the  quantity  of  vital  or  refpirable  air  ex- 
tricated being  greater,  and  the  acid  of  a deeper  colour,  the  ftronger  the  heat. 

The  decompofition  of  nitrous  acid  by  pafling  its  vapour  through  an  ignited 
earthen  tube  is  much  more  effectual.  Dephlogifticated  air  and  phlogifticated 
acid  vapour  are  very  abundantly  -f  produced.  The  phlogifticated  acid  being  again. 


* See  Piieftley  in  Phil.  Tranfadtions,  vol.  Ixxix.  f Ibid. 
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fubjedted  to  the  fame  operation,  did  not  afford  any  more  vital  air,  but  paffed  nearly 
unchanged,  excepting  that  a finall  portion  was  obtained  towards  the  end,  which 
probably  arofe  from  fome  nitrous  acid  which  had  efcaped  the  adtion  of  the  heat 
in  the  former  procefs.  Nitrous  air  is  not  changed  by  tranfmiffion  through  an 
ignited  glafs  or  earthen  tube. 

When  the  electric  fpark  is  repeatedly  taken  through  nitrous  air,  in  the  fame 
manner  as  in  Mr.  Cavendilh’s  experiment  for  producing  nitrous  acid,  a fimilar  effedt 
takes  place.  Nitrous  acid  is  produced,  and  a rehdue  of  about  half  the  original 
bulk  is  left,  which  conlifts  of  phlogifticated  air  ; a proof  that  nitrous  air  coniifts 
of  the  acid  not  fufficiently  faturated  with  vital  air,  or,  which  is  the  fame  thing,  con- 
taining a furplus  of  phlogifticated  air.  The  fadt  is  worthy  of  the  moft  attentive 
inveftigation  of  philofophers,  that  eledtricity  fhould  produce  an  effedt  fo  oppofite 
to  that  of  heat.  This  laft  power  tends  to  difunite  the  principles  of  nitrous  acid 
whereas  eledtricity  renders  their  combination  more  intimate. 

The  nitrous  acid  is  decompofed  by  heating  together  with  different  earths  and 
metallic  calces.  The  decompofition  is,  no  doubt,  greatly  aflifted  by  the  fixed 
nature  of  thefe  fubftances,  which  detain  the  acid,  and  by  that  means  caufe  it 
to  undergo  a greater  heat  than  it  would  elfe  have  been  fubjedted  to.  When 
common  nitre  is  expofed  to  a ftrong  heat,  it  melts,  and  becomes  red  hot,  and 
the  volatile  produdt  is  found  to  confift  of  fuming  nitrous  acid,  a large  quantity  of 
vital  air,  and  fome  phlogifticated  air,  the  alkali  remaining  behind  fomewhat  altered 
by  a portion  of  the  earth  of  the  retort,  which  it  diffolves.  Various  chemifts 
differ  in  their  accounts  of  the  refults  of  this  experiment;  which,  indeed,  may 
naturally  be  expedted  when  we  attend  to  the  extreme  difficulty  of  afcertaining 
the  weights  of  aerial  products,  as  well  as  the  fixed  refidues,  and  at  the  fame  time 
confider  that  the  quantity  of  nitrous  acid  decompofed  at  this  elevated  tempe- 
rature, muft  in  all  probability  differ  according  to  the  greater  or  lefs  degree  of 
heat  ; in  the  fame  manner  as  happens  in  the  operations  at  lower  temperatures. 
From  thefe  circumftances,  it  becomes  a talk  of  confiderable  difficulty  to  deter- 
mine the  intermediate  fteps  of  this  operation. 

The  foregoing  effedts  tend  to  explain  what  happens  when  nitrous  acid  is  de- 
compofed, in  confequence  of  the  fuperior  eledtrive  attraction  of  its  component 
parts  to  other  fubftances.  As  the  adhefion  of  thefe  parts -to  each  other  in  the 
full  ftate  of  faturation  which  forms  nitrous  acid,  is  by  no  means  ftrong ; this 
acid  adts  upon  almoft  every  combuftible  fubftance,  and  produces  effects  in  them, 
which  are  of  the  fame  nature  as  thofe  which  take  place  when  vital  air  is  abforbed 
in  the  act  of  combuftion.  In  thefe  operations  with  the  nitrous  acid,  its  vital 
air  unites  with  the  combuftible  body,  while  the  remaining  acid  becomes  fuming, 
and  affumes  the  various  colours  which  attend  its  phlogiftication  or  defect  of  vital 
air,  at  the  fame  time  that  it  emits  nitrous  air  with  ebullition.  The  effects  of 
the  combination  of  vital  air  or  combuftion  are,  either  calcination  or  acidifica- 
tion, according  to  the  nature  of  the  fubftances  refpedlively  ; and  the  aerial  fluid 
which  flies  off,  being  either  nitrous  air,  dephlogifticated  nitrous  air,  or  phlogifti- 
cated air,  it  will  be  proper  to  fpeak  in  this  place  of  the  two  firft.  For  the  latter,, 
fee  Air  Phlogisticated.  See,  likewi/e , Acid. 

Nitrous  air  is  a tranfparent,  permanently  elaftic  fluid,  which  may  be  received 
over  water,  as  that  fluid  does  not  imbibe  more  than  -Po-  of  its  bulk  of  the  air. 
Nitrous  air  thus  imbibed  is  not  found  to  have  fuffered  any  change  in  its  pro- 
perties, if  it  be  immediately  expelled  by  heat.  When  the  nitrous  air  is  lefs 
in  quantity  than  is  fufficient  fully  to  faturate  the  water,  the  refidue  which  is  unab- 
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forbed  is  found  to  be  phlogifticated  air.  The  nitrous  acid  itfelf,  when  vola- 
tilized by  heat,  appears  to  be  capable  of  retaining  its"  elaftic  ftate,  but  can  fcarcely 
be  operated  upon,  becaufe  of  its  a&ion  upon,  or  difpofition  to  combine  with, 
every  fluid  which  can  be  ufed  to  confine  it. 

The  vitriolic  acid  abforbs  nitrous  air,  and  afifumes  a purple  colour.  The 
marine  acid  imbibes  it,  and  becomes  blue.  Pale  nitrous  acid  abforbs  it  in  large 
quantities,  and  the  colour  of  the  acid  changes  firft  at  the  furface,  and  then  gra- 
dually through  the  whole  of  the  liquid.  The  fuccefiions  of  colour  are,  yellow, 
deep  orange,  green,  and,  laftly,  blue,  according  to  the  quantities  of  nitrous  air 
abforbed.  Thefe  changes  are  of  the  fame  nature  as  any  others,  which  may  in- 
creafe  the  proportion  of  phlogifticated  air  in  the  compofition  of  the  acid.  The 
deep  coloured  or  phlogifticated  acid  is  more  volatile  than  the  pale,  and  has  a 
greater  fpecific  gravity. 

But  the  mod  diftinguifhing  and  charaderiftic  property  of  nitrous  air,  is  the 
readinefs  with  which  it  becomes  converted  into  nitrous  acid,  whenever  it  is  brought 
in  contact  with  vital  air.  In  this  fituation  it  forms  red  fumes,  which  are  the  ni- 
trous acid  itfelf  in  the  ad  of  condenfation.  This  property  of  nitrous  air,  by 
which  it  combines  with,  and  takes  vital  air  from,  the  atmofphere,  or  from  any 
other  refpirable  air,  has  been  applied  by  Dr.  Prieftley,  as  a teft  of  the  purity, 
or  refpirability  of  aerial  fluids;  for  the  manner  of  doing  which,  fie  Air  Atmo- 
spherical. It  is  fcarcely  neceflary  to  repeat,  that  the  red  fumes  of  phlogifticated 
nitrous  acid  confift  of  nitrous  air  in  the  ad  of  uniting  with  the  air  of  the  atmo- 
fphere. The  converfion  of  nitrous  air  into  nitrous  acid,  by  the  eledric  fpark, 
has  already  been  mentioned  in  the  prefent  article. 

According  to  Mr.  Lavoifier’s  experiments,  the  component  parts  of  nitrous 
air  confift  of  about  twenty-one  parts,  by  meafure,  of  phlogifticated  air,  with 
forty-three  of  vital  air;  and  thirty-fix  parts  more  of  vital  air  are  required  to 
change  this  nitrous  air  into  nitrous  acid.  Mr.  Cavendifh’s  experiments  (hew 
that  one  part,  by  meafure,  of  phlogifticated  air  requires  two  of  vital  air,  to  convert 
it  into  nitrous  acid.  This  is  a confiderably  greater  proportion  of  the  former  ; but 
Mr.  Lavoifier  reconciles  the  two  refults,  by  fuppofing  that  the  nitrous  acid  of  Mr. 
Cavendifh  was  of  the  kind  called  phlogifticated. 

When  nitrous  air  is  expofed  to  iron  filings  and  brimftone,  liver  of  fulphur,  or 
iron  alone,  it  is  gradually  diminifhed,  and  converted  intodephlogifticated  nitrous  air. 
The  peculiar  property  of  this  air  is,  that  it  is  fatal  to  animal  life,  though  a candle  will 
burn  in  it  with  an  enlarged  flame,  rather  better  than  in  common  air.  The  pre- 
fence of  water  appears  to  be  neceflary  in  the  produdion  of  this  Angular  fluid. 
It  is  alfo  obtained  during  the  folution  of  tin,  and  of  zinc,  in  the  nitrous  acid,  or  by 
adding  iron  to  the  nitrous  folution  of  copper.  The  conftitution  of  dephlogifticated 
nitrous  air  has  not  yet  been  well  explained,  and  it  is  even  a queftion  whether  this 
air  be  more  or  lefs  dephlogifticated  than  nitrous  air  itfelf.  From  its  maintaining 
flame,  there  can  be  no  doubt  but  that  it  contains  vital  air;  but  this  is  no  proof  that 
the  quantity  is  greater  than  in  nitrous  air,  but  merely  that  the  conftitution  of  this  air 
is  fuch,  as  to  give  out  its  vital  air  to  combuftible  fubftances  at  the  temperature  of 
ignition,  though  at  the  lower  temperature  of  animal  life  its  prefence  may  not  be 
exhibited.  Dephlogifticated  nitrous  air  appears,  indeed,  to  contain  both  nitrous 
air  and  vital  air,  and  to  participate  of  the  properties  of  both ; but  why  the  two 
fhould  not  unite,  and  form  nitrous  acid,  remains  a difficulty.  May  not  the  pre- 
fence of  inflammable  air  be  one  leading  caufe  of  this  ? When  nitrous  air  is  ex- 
pofed, together  with  moifture,  to  iron,  the  iron  is  calcined,  and,  no  doubt,  emits  in- 
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flammable  air,  whether  that  air  be  taken  to  arife  from  the  iron  itfelf,  or  the  water. 
If,  therefore,  in  this  experiment,  the  quantity  of  inflammable  air  which  efcapes, 
fliould  unite  with  the  nitrous  air,  it  may  form  a triple  combination,  confiding  of 
the  very  fluid  called  dephlogifticated  nitrous  air,  which  fliould,  it  feems,  poffefs 
the  property  of  more  readily  giving  out  its  vital  air  to  a combuftible  fubftance, 
becaufe  of  the  difpofition  which  the  other  component  parts,  namely,  inflammable 
air  and  phlogifticated  air,  have  to  unite,  and  form  volatile  alkali ; although  it 
may  eafily  be  imagined,  that  the  original  compound  might  not  emit  its  vital  air 
with  fufiicient  facility  to  fupport  animal  life,  or,  if  it  did,  that  the  fimultaneous 
produdtion  of  alkaline  air  might  be  attended  with  noxious  effe&s. 

Mr.  Milner,  whofe  curious  experiments  of  the  produdtion  of  nitrous  vapours 
by  means  of  volatile  alkali  and  vital  air  at  a red  heat,  have  been  already  adverted 
to,  decompofes  the  nitrous  acid,  by  caufing  its  vapour  to  pafs  through  an  ignited 
gun-barrel,  crammed  full  of  iron  filings.  When  the  tranfition  of  the  nitrous  va- 
pour is  rapid,  in  comparifon  to  the  ignited  furface  of  the  iron,  which  is  expofed 
to  calcination  by  the  vital  air  of  the  acid,  the  product  confifts  of  nitrous  air  and 
phlogifticated  air  : when  the  tranfition  is  lefs  rapid  (at  a rate  not  eafily  produced 
and  maintained),  the  product  confifts  of  phlogifticated  and  nitrous  airs,  with  a 
mixture  of  dephlogifticated  nitrous  air  : and  laftly,  if  the  ebullition  of  the  acid 
which  fupplies  the  vapour  be  very  flow,  and  a fufiicient  quantity  of  the  iron  tube 
be  well  heated,  the  decompofition  is  almoft  complete,  and  the  produdt  confifts  al- 
moft  entirely  of  phlogifticated  air.  It  appears,  therefore,  that  the  nitrous  acid  in 
the  order  of  its  decompofition  becomes  firft  nitrous  air,  then  dephlogifticated 
nitrous  air,  and,  laftly,  phlogifticated  air  ; accordingly  as  it  is  deprived  of  a 
greater  quantity  of  vital  air,  and  probably  with  the  addition  of  fome  inflamma- 
ble air  in  the  middle  ftage  of  its  converfion. 

The  adfion  of  nitrous  acid  upon  combuftible  fubftances,  is  attended  with  a great 
variety  of  curious  and  inftru&ive  phenomena.  With  the  metals  it  ufually  affords 
nitrous  air,  which,  in  its  tranfition  through  the  fuperincumbent  acid,  produces  the 
various  changes  of  colour  already  noted.  This  is  elegantly  fihewn  in  the  folution 
of  mercury  in  the  nitrous  acid.  The  metal  is  calcined  by  the  vital  air  of  that 
part  of  the  acid  which  was  decompofed  ; while  the  remaining  acid  diflolves  the 
calx.  Such  metals  as  are  more  effectually  and  rapidly  calcined,  produce  a more 
perfeCt  decompofition  of  the  acid.  None  are  more  particularly  calculated  to  fhew 
thefe  effeCts  than  tin.  According  to  the  ftrength  and  quantity  of  the  acid,  this 
metal  is  calcined  or  (iiffolved,  with  the  emiflion  of  nitrous  air,  of  dephlogifticated 
nitrous  air,  or  without  the  efcape  of  any  elaftic  fluid,  at  the  fame  time  that  volatile 
alkali  is  formed  in  the  folution.  In  thefe  cafes,  the  effeCts  feem  to  differ,  according 
to  the  extrication  and  quantity  of  inflammable  air.  When  the  acid  is  diluted 
with  half  its  weight  of  water,  and  the  tin  at  the  beginning  of  the  procefs  is  not  much 
calcined,  the  quantity  of  inflammable  air  extricated  (either  from  the  tin,  as  phlo- 
gifton,  or  from  the  water,  by  decompofition)  is  inconfiderable,  and  nitrous  air 
efcapes.  As  the  operation  proceeds,  the  quantity  of  inflammable  air  becomes  more 
considerable,  and  the  triple  combination  of  phlogifticated,  vital,  and  inflammable 
airs,  that  is  to  fay,  the  fluid  called  dephlogifticated  nitrous  air,  is  thrown  off.  But 
when,  by  the  aClion  of  ftrong  acid,  the  tin  is  rapidly  calcined,  without  the  prefence 
of  much  water,  either  to  fupply  inflammable  air,  or  latent  heat  to  maintain  the 
elaftic  ftate,  the  whole  of  the  vital  air,  which  is  taken  from  the  nitrous  acid,  enters 
into  the  calx  of  tin ; while  the  whole  of  the  inflammable  air,  which  would  elfe 
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Iiave  been  fet  at  liberty,  combines  with  the  phlogifticated  air  of  the  decompofed  air, 
and  by  that  means  forms  volatile  alkali. 

In  the  adtion  of  nitrous  acid  upon  organized  bodies,  there  are  alfo  a great  number 
of  remarkable  effects  which  take  place,  both  with  regard  to  the  elaftic  products  and 
refidues.  When  the  nitrous  acid  is  applied  to  the  flefti,  or  other  parts  of  animal 
fubftances,  the  elaftic  fluid,  which  is  firft  and  mod  plentifully  difengaged,  is  phlo- 
gifticated air.  In  this  experiment,  the  phlogifticated  air  may  come  from  the  animal 
fubftance,  or  the  acid,  or  both ; fince  both  contain  it.  It  appears,  however, 
to  be  much  more  probable,  that  the  whole  comes  from  the  animal  fubftances.  For 
it  is  afforded  by  the  application  of  a very  weak  nitrous  acid,  at  fo  low  a temperature 
as  65°  or  70°  ; both  which  circumftances  do  not  appear  to  indicate  a decompo- 
fition  of  the  acid.  The  nitrous  acid,  after  its  adtion,  faturates  as  large  a quantity 
of  alkali  as  before.  The  quantity  of  phlogifticated  air  is  in  proportion  to  the 
quantity  of  volatile  alkali  which  the  animal  fubftance  made  ufe  of  affords  by  dis- 
tillation ; and  it  is  known  that  the  quantity  of  phlogifticated  air  contained  in  any 
animal  fubftance  muft  be  in  this  proportion.  And,  laftly,  at  a greater  heat,  af- 
ter the  phlogifticated  air  has  come  over,  there  is  a difengagement  of  nitrous  air, 
which  indicates  a lefs  complete  decompofition  of  the  acid  than  that  which  would 
have  afforded  phlogifticated  air  : and  it  is  not  confonant  with  other  chemical  fails, 
that  the  complete  decompofition  of  the  acid  ftiould  happen  at  a lower  heat,  than 
the  partial  decompofition  which  fucceeds  it. 

The  nitrous  acid  has  a very  confiderable  adfion  upon  vegetable  fubftances,  which 
it  corrodes,  or  d-iffolves,  at  the  fame  time  that  much  nitrous  air  is  difengaged,  to- 
gether with  fixed  air.  The  phenomena  are  various,  according  to  the  nature  of  the  fe- 
veral  fubftances.  In  many  inftances,  the  refidue  confifts  of  an  acid  of  a different  kind 
from  the  nitrous,  which,  according  to  the  proportions  of  the  materials,  and  ma- 
nagement of  the  procefs,  is  either  acid  of  fugar,  or  vinegar  ; or  when  the  deftruc- 
tion  of  the  vegetable  fubftance  is  moft  complete,  fixed  air  is  the  produdt.  See 
Acid  of  Sugar. 

In  general,  when  the  nitrous  acid  is  mixed  with  any  liquid  inflammable  mat- 
ter, it  requires  to  be  diluted,  and  the  quantity  of  this  laft  ftiould  be  very  fmall, 
and  juft  fufficientto  cover  the  furfaceof  the  acid;  otherwife,  though  the  mixture  may 
exhibit  no  alarming  appearance  at  firft,  it  will  in  a little  time  become  very  black,  be- 
ginning at  the  furface;  the  vial  will  then  be  filled  with  red  fumes,  the  air  will  be  gene- 
rated in  a prodigious  torrent,  and  unlefs  the  tube  through  which  it  is  tranfmitted  be 
fufficiently  wide,  and  the  veffel  in  which  the  mixture  is  made  be  very  ftrong, 
the  whole  will  be  exploded  with  great  violence. 

When  the  nitrous  acid  is  mixed  with  fpirit  of  wine,  as  in  the  making  of  ni- 
trous ether,  for  the  management  of  which  procefs,  fee  Eti-ier  Nitrous,  the  air 
produced  is  very  confiderable  in  quantity,  and  burns  with  a blue  or  greenifh 
flame,  very  much  refembling  that  which  is  produced  by  a mixture  of  about  of 
inflammable  air,  q.  of  nitrous  air,  fo  that  probably  it  confifts  of  both.  When  a 
very  fmall  quantity  of  fpirit  of  wine  * was  poured  upon  a quantity  of  diluted  fpi- 
rit of  nitre  in  a glafs  vial,  with  a ground  ftopper  and  tube,  a great  quantity  of 
air  was  prefently  produced.  When  a candle  was  dipped  in  this  air,  it  was  extin- 
guilhed;  but  in  going  out  was  furrounded  with  a flight  blue  or  green  flame,  though 
hardly  more  than  is  perceived  in  nitrous  air.  About  one  half  of  this  produce  of  air  was 

* Prieftley  methodifed,  III.  70. 
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fixed  air,  as  appeared  by  its  precipitating  lime  water,  and  the  remainder  was 
ftrong  nitrous  air. 

With  oil  of  turpentine,  the  effervefcence  is  very  rapid,  and  fudden,  if  ftrong 
nitrous  acid  be  ufed  ; but  a great  quantity  of  air  is  eafily  produced  by  diluting 
the  ftrong  acid  with  an  equ'al  quantity  of  water,  and  cautioufty  heating  it,  left  an  ex- 
plofion  fhould  take  place,  in  confequence  of  the  air  being  too  rapidly  extricated.  In 
fome  inftanees,  when  the  produdtion  of  air  is  rapid,  it  is  of  that  kind  which  is  dif- 
tinguifhed  by  the  name  of  dephlogifticated  nitrous  air.  In  general,  the  air  con- 
fifts  of  nitrous  and  fixed  air  in  confiderable  quantities,  together  with  a fmaller 
proportion  of  inflammable,  and  fome  dephlogifticated  nitrous  air,  together  with 
nitrous  acid  in  vapour. 

Dr.  Prieftley  did  not  find  that  the  air  produced  by  applying  nitrous  acid  to  the 
other  efiential  oils,  was  remarkably  different  from  that  produced  with  fpirit  of 
turpentine. 

Ether,  both  vitriolic  and  nitrous,  heated  in  nitrous  acid,  yields  the  fame  kind  of 
air  as  the  efiential  oils,  or  fpirit  of  wine  ; namely,  partly  fixed  air,  and  partly  de- 
phlogifticated nitrous  air.  Equal  caution  is  alfo  necefiary  in  conducing  this  pro- 
cefs  ; for  the  phenomena  attending  it  are  in  the  higheft  degree  dangerous.  For 
this  reafon,  it  is  proper  to  ufe  only  a very  fmall  quantity  of  the  ether,  which  is  to 
be  poured  on  the  fpirit  of  nitre,  this  laft  being  previoufly  much  diluted. 

Olive  oil,  and  alfo  tallow,  produce  nearly  the  fame  kinds  of  air  as  the  effential 
oils.  The  gums,  likewife,  exhibit  nearly  the  fame  phenomena.  Camphor  affords 
nitrous  air,  by  the  application  of  a confiderable  degree  of  heat. 

One  of  the  earlieft  known  fadfs  of  fpontaneous  inflammation,  is  that  produced 
by  the  affufion  of  the  nitrous  acid  upon  oil.  All  the  oils  obtained  by  diftillatioii 
from  vegetables,  and  known  by  the  name  of  effential  oils,  are  proper  for  this  ex- 
periment. An  ounce  of  the  oil  intended  to  be  fet  on  fire  muft  be  placed  in  a 
fhallow  veffel,  and  a bottle,  containing  an  ounce  of  the  moft  concentrated  nitrous 
acid,  muft  be  fattened  at  the  end  of  a pole,  that  the  operator  may  be  fufficiently 
diftant  from  the  inflammation.  Two  thirds  of  the  acid  being  poured  on  the  oil,, 
makes  a confiderable  ebullition  ; the  oil  growing  black  and  thick.,  and  fometimes  ■ 
taking  fire.  But  if  this  laft  circumftance  does  not  happen  in  five  or  fix  feconds, 
the  remainder  of  the  acid  muft  be  poured  when  the  mixture  appears  moft  dry  and 
black,  and  then  the  inflammation  feldom  fails  to  take  place. 

Fat  oils  may  alfo  be  inflamed,  if  equal  parts  of  the  nitrous  and  vitriolic  acids 
be  firft  poured  on  them,  and,  when  the  ebullition  is  at  the  greateft,  a portion  of 
nitrous  acid  be  poured  on  the  dryeft  part. 

Strong  nitrous  acid,  of  the  fpecific  gravity  of  1.54,  being  added  to  the  powder 
of  charcoal,  or  lamp  black  *,  recently  made  very  dry,  takes  fire,  and  detonates.  ■ 
There  is  fome  uncertainty  in  this  experiment ; but  the  method  which  is  faid  to 
infure  fuccefs,  is  to  put  the  dry  powder  into  a very  dry  retort,  and  pour  the 
acid  upon  the  fide  of  the  glafs,  fo  that  it  may  not  fall  upon  the  powder,  but  flow, 
beneath  it. 

The  produdtion  of  heat  in  thefe  phenomena,  which  no  doubt  arifes  from  the 
adlion  excited  between  the  combuftible  body  and  the  vital  air  of  the  acid,  has  not: 
yet  been  explained  in  an  adequate  manner  from  experiments  tending  to  fhew  how 
the  capacities  of  the  bodies  for  heat  are  changed  by  the  procefs. 

There  is  fcarcely  any  modern  improvement  in  chemical  operations  of  greater  va-r 

* Prouft,  in  the  Journal  de  Mcdecine  for  July  1788. 
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lue  and  importance  in  the  examination  of  a great  variety  of  bodies,  than  the  appli- 
cation of  nitrous  acid,  which,  by  repeated  abftraClion,  converts  them  into  feveral 
acids.  This  is  effected  by  the  readinefs  with  which  the  nitrous  acid  is  decompofed, 
and  fupplies  the  requisite  quantity  of  vital  air  to  the  refpeCtive  acidifiable  bafes.  See 
the  Acids  of  arfenic,  of  phofphorus,  of  vitriol  ; alfo,  fulphur,  wool. 

Many  of  the  opinions  refpeCling  the  component  parts  of  nitrous  acid,  which 
were  adopted  or  maintained  at  the  commencement  of  the  modern  difcoveries  on 
air,  do  not  appear  at  prefent  to  be  infilled  upon ; and  it  is  now  generally  admitted, 
that  acids  are  formed  by  the  union  of  vital  air  with  combullible  matter.  In  the 
prefent  cafe,  it  is  fufficiently  proved,  by  Mr.  Cavendilh’s  experiments,  that  nitrous 
acid  confifts  of  vital  and  phlogifticated  airs  ; and  the  differences  of  opinion,  in 
other  refpeCts,  are  chiefly  grounded  upon  confiderations  which  relate  to  the  fup- 
pofed  compofition  of  the  phlogifticated  air.  The  negative  qualities  of  this  laft 
fubftance  are  found  in  the  refidues  of  moft  aerial  fluids,  which  have  been  dimi- 
nilhed  or  abforbed  in  chemical  procefles.  And  from  this  faCt,  combined  with 
the  fuppofition,  that  all  the  fluids,  diftinguilhed  by  the  name  of  phlogifticated 
air,  are  one  and  the  fame  fubftance,  it  has  been  inferred  that  the  feveral  fluids  are 
convertible  into  phlogifticated  air,  which  is  confequently  taken  to  be  related  to 
them  in  various  ways,  according  to  theories,  which  being  for  the  moft  part  gratui- 
tous, need  not  be  here  enlarged  upon.  The  chief  inference  of  this  kind,  is  that 
which  fuppofes  phlogifticated  air  to  be  a modification  of  inflammable  air,  which  is 
fuppofed  to  be  combined  with  a certain  due  proportion  of  vital  air  : fo  that  it 
confifts  of  vital  air,  phlogifticated  or  combined  with  the  inflammable  principle. 
According  to  this  theory  a larger  proportion  of  the  vital  air  will  produce  the 
common  air  of  the  atmofphere,  and  ftill  greater  fucceflive  additions  of  vital  air 
will  form  nitrous  air,  the  aeri-form  nitrous  acid,  the  fuming  nitrous  acid,  and  the 
pale  nitrous  acid.  The  fum  of  this  opinion  confifts,  therefore,  in  fubftitut'ing 
inflammable  air  in  the  place  of  phlogifticated  air;  and  this  fubftitution  is  defended 
chiefly  from  the  faCt,  that  when  water  is  produced  by  the  combuftion  of  vital  and 
inflammable  air,  there  are  few  cafes  in  which  there  is  not  a production  of  nitrous 
acid.  The  late  papers  of  Dr.  Prieftley,  in  the  Philofophical  TranfaClions  (wherein 
the  great  quantity  of  water  naturally  held  in  folution  by  the  two  airs,  and  the 
volatility  of  the  nitrous  acid,  which  is  ufually  of  the  fort  called  highly  phlogifti- 
cated, and  is  not  eafily  condenfible  in  glafs  veffels,  for  want  of  a bafe  to  combine 
with,  are  particularly  attended  to),  render  it  highly  probable,  that  the  fuppofed 
compofition  of  water  is  a fallacy,  and  likewife,  that  the  nitrous  acid  is  compofed  of 
the  two  airs  in  queftion.  But,  on  the  other  hand,  it  is  ftated  that  this  nitrous  acid 
may  probably  arife  froma  combination  of  the  vital  air  with  a portion  of  the  phlo- 
gifticated air,  from  which  that  fluid  is  never  abfolutely  free  ; though  this  is  de- 
nied by  Dr.  Prieftley,  who  did  not  find  that  the  production  of  nitrous  acid  was 
greater  when  a larger  proportion  of  phlogifticated  air  was  added  to  the  mixture. 

The  properties  and  habitudes  of  nitrous  acid  are  explained  in  almoft  every 
article  of  chemical  operation. 

ACID,  PHOSPHORIC.  The  bafe  of  this  acid,  or  the  acid  itfelf,  abounds  in  the 
mineral,  vegetable,  and  animal  kingdoms.  In  the  mineral  kingdom  it  is  found  in 
combination  with  lead,  in  the  green  lead  ore ; with  iron,  in  the  bog  ores  which 
afford  cold  fhort  iron ; and  more  efpecially  with  calcareous  earth  in  feveral  kinds 

* Of  Kier.  See  the  expofition  at  large,  in  the  article  Add  nitrous , of  his  valuable  Chemical  Die- 
.iionary* 
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of  ftone.  Whole  mountains  in  the  province  of  Eftramadura  * in  Spain  are 
compofed  of  this  combination  of  phofphoric  acid  and  lime.  Mr.  Bowles  affirms 
that  the  ftone  is  whitilh,  and  taftelefs,  and  affords  a blue  flame  without  fmell  when 
thrown  upon  burning  coals.  Mr.  Prouft  defcribes  it  as  a denfe  ftone,  not  hard 
enough  to  ftrike  fire  with  fteel  ; and  fays  that  it  is  found  in  ftrata,  which  always 
lie  horizontally  upon  quartz,  and  which  are  interfered  with  veins  of  quartz.  When 
this  ftone  is  fcattered  upon  burning  coals,  it  does  not  decrepitate,  but  burns  with  a 
beautiful  green  light,  which  lafts  a confiderable  time.  It  melts  into  a white 
enamel  by  the  blow  pipe ; is  foluble  with  heat,  and  fome  effervefcence  in  the  ni- 
trous acid,  and  forms  felenite  with  the  vitriolic  acid,  while  the  phofphoric  acid  is  fet 
at  liberty  in  the  fluid. 

The  vegetable  kingdom  abounds  with  phofphorus,  or  its  acid.  Various  feeds, 
potatoes,  agaric,  foot,  woods,  and  charcoal  afford  phofphoric  acid,  by  abftradting 
the  nitrous  acid  from  them,  and  lixiviating  the  refidue.  The  lixivium  contains  the 
phofphoric  acid,  which  may  either  be  faturated  with  lime  by  the  addition  of  lime 
water,  in  which  cafe  it  forms  a folid  compound,  or  it  may  be  tried  by  examination  of 
its  leading  properties  by  other  chemical  methods. 

In  the  animal  kingdom  it  is  found  in  almoft  every  part  of  the  bodies  of  ani- 
mals, which  are  not  confiderably  volatile.  There  is  not,  in  all  probability,  any  part 
of  thefe  organized  beings  which  is  free  from  it.  It  has  been  obtained  from  blood, 
flelh,  both  of  land  and  water  animals ; from  cheefe  ; and  it  exifts  in  large  quantities 
in  bones,  combined  with  calcareous  earth.  Urine  contains  it,  not  only  in  a dif- 
engaged  ftate,  butalfo  combined  with  volatile  alkali,  with  mineral  alkali,  and 
with  lime.  It  was  by  the  evaporation  and  diftillation  of  this  excrementitious  fluid 
with  charcoal  that  phofphorus  was  firft  made  ; the  charcoal  decompofing  the  dis- 
engaged acid,  and  the  volatile  alkaline  fait.  See  Phosphorus.  But  it  is  more 
cheaply  obtained  by  the  procefs  of  Scheele,  from  bones,  by  the  application  of  an 
acid  to  their  earthy  refidue,  after  calcination. 

In  this  procefs  the  vitriolic  acid  appears  to  be  the  moft  convenient,  becaufe  it 
forms  a nearly  infoluble  compound  with  the  lime  of  the  bones.  Bones  of  beef, 
mutton,  or  veal,  being  calcined  to  whitenefs  in  an  open  fire,  lofe  almoft  half  of 
their  weight.  This  muft  be  pounded,  and  lifted,  or  the  trouble  may  be  fpared 
by  buying  the  powder  that  is  fold  to  make  cupels  for  the  affayers,  and  is,  in  fatft, 
the  powder  of  burned  bones  ready  lifted.  To  three  pounds  of  the  powder,  there 
may  be  added  about  two  pounds  of  concentrated  vitriolic  acid.  Four  or  five 
pounds  of  water  muft  be  afterwards  added  to  affift  the  adtion  of  the  acid  ; 
and  during  the  whole  procefs  the  operator  muft  remember  to  place  himfelf  and 
his  veffels  fo  that  the  fumes  may  be  blown  from  him.  The  whole  may 
be  then  left  on  a gentle  fand  bath  for  twelve  hours  or  more,  taking  care  to  fupply 
the  lofs  of  water,  which  happens  by  evaporation.  The  next  day  a large  quan- 
tity of  water  muft  be  added,  the  whole  drained  through  a fieve,  and  the  refidual 
matter,  which  is  felenite,  muft  be  edulcorated  by  repeated  affufions  of  hot  water, 
till  it  paffes  taftelefs.  The  waters  contain  phofphoric  acid  nearly  free  from  lime, 
and  by  evaporation,  firft  in  glazed  earthen,  and  then  in  glafs  veffels,  afford  the 
acid  in  a concentrated  ftate,  which  by  the  force  of  a ftrong  heat  in  a crucible,  may 
be  made  to  acquire  the  form  of  a tranfparent  confident  glafs,  though  indeed  it  is 
ufually  of  a milky,  opake  appearance. 

For  making  phofphorus,  it  is  not  neceffary  to  evaporate  the  water  farther  than 

* Annales  de  Chimie,  I.  19 6.  Alio,  Kier’s  Di&ionary,  and  the  authors  by  him  quoted. 
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to  bring  it  to  the  confidence  of  fyrup  ; and  the  {mall  portion  of  lime  it  contains 
is  not  an  impediment  worth  the  trouble  of  removing,  as  it  affeds  the  produce  very, 
little.  But  when  the  acid  is  required  in  a purer  date,  it  is  proper  to  add  a quan- 
tity of  mild  volatile  alkali,  which,  by  double  eledive  attraction,  precipitates  the 
lime  which  was  held  in  folution  by  the  phofphoric  acid  : that  is  to  fay,  the  volatile 
alkali  unites  with  the  phofphoric  acid,  while  the  fixed  air  unites  with  the  lime,  and 
caufes  it  to  fall  down  in  the  form  of  the  indiflbluble  compound,  chalk.  The  fluid 
being  thus  evaporated,  affords  a cryflallized  ammoniacal  fait,  which  may  be  melted 
in  a fiver  veffel,  as  the  acid  ads  upon  glafs  or  earthen  veffels.  The  volatile  al- 
kali is  driven  off  by  the  heat,  and  the  acid  acquires  the  form  of  a compad  glafs  as 
tranfparent  as  rock  cryftal,  acid  to  the  tafte,  foluble  in  water,  and  deliquefcent  in 
the  air. 

This  acid  is  very  pure,  but  neverthelefs  may  contain  a fmall  quantity  of  mine- 
ral alkali,  originally  exifting  in  the  bones,  and  not  capable  of  being  taken  away  by 
this  procefs,  ingenious  as  it  is.  The  only  unequivocal  method  of  obtaining  a pure 
acid  appears  to  confift  in  firft  converting  it  into  phofphorus  by  diflillation  of 
the  materials  with  charcoal,  and  then  converting  it  again  into  acid  by  combuftion, 
or  fome  other  equivalent  procefs. 

If  a number  of  flicks  of  phofphorus  be  placed  upright  in  a glafs  funnel,  a 
piece  of  glafs  being  previoufly  put  into  the  neck  of  the  funnel  to  prevent  their 
falling  through  ; and  if  this  funnel  be  then  inferted  in  the  neck  of  a bottle,  con- 
taining diflilled  water,  the  phofphorus  will  be  gradually  decompofed  by  a flow  com- 
buftion, provided  it  be  expofed  to  a temperature  not  much  lower  than  6o°.  The 
phofphoric  acid  will  gradually  pafs  through  the  funnel  into  the  water.  The  acid 
obtained,  contains  a portion  of  phofphorus ; but  by  expofure  to  the  air,  this  alfo 
becomes  converted  into  acid : or  the  fuperfluous  portion  of  phofphorus  may  be 
burned,  by  caufing  the  fluid  to  boil.  This  may  be  concentrated  by  evaporation  of 
the  water  if  required,  and  may,  like  every  other  folution  of  this  acid,  be  reduced  to 
the  concrete  or  glacial  form,  by  a fufficient  degree  of  heat.  This  glacial  acid  is 
deliquefcent,  though  it  is  faid,  that  a ftronger  heat  will  deprive  it  of  foliibility,  and 
acidity  ; mod  probably  in  confequence  of  a folution  of  part  of  the  earth  of  the 
retort  or  crucible. 

Phofphorus  may  alfo  be  converted  into  the  acid  {late  by  treating  it  with  nitrous 
acid.  In  this  operation,  a tubulated  retort,  with  a ground  Hopper,  muft  be  half 
filled  with  nitrous  acid,  and  a gentle  heat  applied.  A fmall  piece  of  phofphorus 
being  then  introduced  through  the  tube,  will  be  diffolved  with  effervefcence, 
produced  by  the  efcape  of  a large  quantity  of  nitrous  air.  The  addition  of  phof- 
phorus muft  be  continued  until  the  laft  piece  remains  undiflolved.  The  fire  being 
then  raifed  to  drive  over  the  remainder  of  the  nitrous  acid,  the  phofphoric  acid 
will  be  found  in  the  retort,  partly  in  the  concrete,  and  partly  in  the  liquid  form. 

Vitriolic  acid  produces  nearly  the  fame  effect  as  the  nitrous  ; a large  quan- 
tity of  phlogifticated  or  fulphureous  vitriolic  acid  flying  off.  But  as  it  requires  a 
ftronger  heat  to  drive  off  the  laft  portions  of  this  acid,  it  is  not  fo  well  adapted 
to  the  purpofe. 

When  phofphorus  is  burned  by  a ftrong  heat,  fufficient  to  caufe  it  to  flame  ra- 
pidly, it  is  almoft  perfectly  converted  into  dry  acid,  fome  of  which  is  thrown  up 
by  the  force  of  the  combuftion,  and  the  reft  remains  upon  the  fupporter. 

This  fubftance  has  alfo  been  acidified  by  the  dired  application  of  vital  air  pafled 
through  hot  water,  in  which  the  phofphorus  was  liquefied  or  fufed. 

When  a ftick  of  phofphorus  is  plunged  in  the  folutions  of  gold,  fiver,  copper, 
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and  other  metals,  the  phofphorus  gradually  receives  vital  air  from  the  metallic 
Calx,  and  becomes  acidified,  while  the  metal  refumes  its  reguline  (late,  and  forms  a 
brilliant  fheath  of  revived  metal  furrounding  the  remaining  phofphorus. 

The  general  chara&ers  of  phofphoric  acid,  are,  i.  It  is  fallible  in  water  in 
all  proportions,  producing  a fpecific  gravity,  which  increafes  as  the  quantity  of 
acid  is  greater,  but  does  not  exceed  2687:1000,  which  is  that  of  the  glacial  acid. 
2.  It  produces  heat  when  mixed  with  water,  though  not  very  confiderable.  3.  It 
has  no  fmell  when  pure,  and  its  tafte  is  four,  but  not  corrofive.  4.  When  perfectly 
dry,  it  fublimes  in  clofe  veflels ; but  lofes  this  property  by  the  addition  of  water, 
in  which  circumftance  it  greatly  differs  from  the  acid  of  borax,  which  is  fixed  when 
dry,  but  rifes  by  the  help  of  water.  5.  When  confiderably  diluted  with  water, 
and  evaporated,  the  aqueous  vapor  carries  up  a fmall  portion  of  the  acid.  6.  With 
charcoal  or  inflammable  matter,  in  a ftrong  heat,  it  lofes  its  acidity,  and  becomes 
converted  into  phofphorus. 

When  liquid  phofphorus  is  heated,  no  part  of  the  vapour  retains  the  aerial  or 
permanently  elaftic  form  ; neither  does  it  afford  air  by  boiling  with  mercury,  or 
even  ardent  fpirit.  But  it  readily  diflolves  iron,  with  the  affiftance  of  a little  heat, 
with  which  it  affords  a ftrong  inflammable  air.  But  the  effedt  of  adding  the  acid  of 
phofphorus  to  minium  is  highly  Angular,  and  by  no  means  eafy  to  be  explained. 
When  all  the  air  has  been  expelled  from  minium,  which  mere  heat  can  drive  out, 
this  fubftance  yields  vital  air  when  heated  with  nitrous  air,  but  no  air  at  all  with  the 
vitriolic  or  marine  acids.  The  phofphoric  acid  (produced  by  deliquescence  or  flow 
combuftion)  mixed  with  this  minium,  with  little  or  no  fenfible  heatj  but  the  mixture 
expofed  to  the  flame  of  a candle  yielded  air  very  plentifully,  and  it  was  very 
turbid.  It  did  not  precipitate  lime  water  over  which  it  was  received,  except  in  the 
fmalleft.  degree.  Neither  was  it  affedted  by  nitrous  air,  nor  did  it  affedt  common 
air  ; but  was  ftrongly  inflammable,  burning  with  a bright  white  flame,  and  the  fmell 
of  the  air  was  the  fame  with  that  of  the  ftrong  fmell  of  phofphorus.  The  calx  or 
mafficot  * became  of  a darkifh  grey  colour,  or  nearly  black,  by  this  procefs. 

The  phofphoric  acid  does  not  appear  to  adt  upon  filiceous  earth  in  the  humid 
way,  though  it  has  been  obferved  to  corrode  glafs  when  hot.  In  the  dry  way,  it 
adts  upon  all  the  earths.  With  calcareous  earth,  in  the  humid  way,  it  forms  a 
gummy  mafs,  containing  fome  cryftals,  but  fhe  greateft  part  of  the  mafs  takes  a 
pulverulent  form,  and  fubfides.  This  compound  is  fcarcely  foluble  in  water,  unlefs 
by  virtue  of  an  excefs  of  acid.  It  does  not  differ  from  the  white  earth  of  cal- 
cined bones.  Phofphoric  acid,  added  to  a marine  folution  of  ponderous  earth, 
feizes  this  laft,  and  falls  with  it  to  the  bottom  in  an  infoluble  precipitate.  With 
magnefia,  it  likewife  forms  a cryftallizable  compound  of  very  difficult  folubility. 
It  alfo  unites  with  clay  or  earth  of  alum,  forming  an  infoluble  faline  powder,  and 
a fluid  which,  by  evaporation,  yields  a gritty  powder,  and  a thick  gummy  folution, 
convertible  by  heat  into  a tranfparent  glafs. 

This  acid,  when  in  combination  with  the  vegetable  alkali,  forms  a very  foluble 
fait,  which  is  much  more  foluble  in  hot  than  in  cold  water,  and  may  be  obtained  in 
cryftals,  either  by  cooling  or  evaporation.  It  decrepitates  in  the  fire,  and  after- 
wards melts  without  decompofition.  The  combination  of  mineral  alkali  with  phof- 
phoric acid*  forms  a gummy  fluid  not  eafily  cryftallized,  unlefs  there  be  a fmall 
excefs  of  alkali,  in  which  cafe  it  efflorefces  by  expofure  to  a dry  air.  The  tafte 
of  this  fait  not  being  naufeous,  but  confiderably  refembling  that  of  common  fait, 

* Prieftley,  ed.  1790.  Ill,  293, 
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it  has  lately  been  introduced  into  medical  praftice  as  a cathartic.  When  urine  is 
evaporated,  this  fait  is  among  its  products ; and  as  it  is  not  decompofable  by  the 
dry  way  with  charcoal,  it  was  at  firft  confidered  as  a peculiar  fubftance,  and  diftin- 
guifhed  by  the  name  of  the  perlate  fait  or  acid. 

The  volatilealkali  forms,  with  the  acid  of  phofphorus, acryftallizablefalt, which  when 
obtained  in  an  impure  ftate  from  urine,  by  evaporation,  has  been  called  microcofmic 
fait,  and  is  of  great  ufe  in  experimental  afiays  by  the  blow-pipe.  It  is  more  folu- 
ble  in  hot  than  in  cold  water,  and  cryftallizes  moil  ealily  when  the  alkali  is 
rather  in  excefs.  A gentle  heat  decompofes  it,  when  diffolved  in  water,  and  caufes 
part  of  its  alkali  to  fly  off,  fo  that  it  cannot  ealily  be  purified  by  cryftallization, 
unlefs  by  folution,  and  cooling  in  clofed  veffels. 

Phofphoric  acid  does  not  aft  in  the  humid  way  upon  gold,  filver,  platina,  or  mer- 
cury ; but  it  formed  a purple  fcoria  when  fufed  with  gold  leaf.  It  fcarcely  afts  on 
copper,  unlefs,  perhaps,  by  the  afliftance  of  the  air  in  procefs  of  time.  It 
corrodes  tin,  at  the  fame  time  that  it  emits  an  offenfive  fmell.  The  calx  of  this 
metal  is  in  fome  degree  foluble  in  it,  and  is  fo  far  changed  as  to  be  rendered  very 
fulible.  Lead  is  a little  corroded  by  the  phofphoric  acid.  Neither  mercury  nor 
its  calces  are  foluble  in  it  ; but  it  changes  red  precipitate  to  a yellow  and  white  co- 
lour, and  laftly,  by  long  digeltion,  to  black.  The  white  calx  of  arfenic  is  com- 
pletely diffolved,  but  not  the  regulus.  Zinc,  likewife,  is  perfeftly  diffolved,  and 
affords  by  evaporation  a gummy  mafs,  which  runs  by  fufion  into  a tranfparent 
glafs.  Regulus  of  antimony  is  diffolved  in  a fmall  proportion,  as  are  alfo  bifmuth  and 
its  calx,  andthecalx  of  nickel.  With  regulus  ofmanganefe  it  forms  a white  folution, 
and  a red  folution  with  the  calx,  which,  however,  becomes  white  on  expofure  to 
the  air. 

The  aftion  of  phofphoric  acid  in  the  dry  way  is  much  more  powerful.  With  fome 
of  the  moft  calculable  metals,  efpecially  with  tin,  lead,  iron,  and  zinc,  it  becomes 
partly  converted  into  phofphorus  ; and  with  moft  of  them  this  converfion  takes  place 
if  charcoal  be  prefent,  in  which  cafe  the  phofphorus  combines  with  the  metal.  See 
Phosphorus.  When  the  phofphoric  acid  is  combined  with  iron,  its  effefts  are 
fuch  as  deferve  the  moft  particular  attention.  In  the  humid  way,  it  is  readily  dif- 
folved, with  effervefcence,  and  the  difengagement  of  inflammable  air ; and  the  fo- 
lution affords  permanent  cryftals,  provided  the  acid  be  rather  in  excefs ; but  if  the 
acid  be  more  abundant,  the  produft  is  a dry  adhefive  mafs,  which  falls  to  the  bot- 
tom, and  is  infoluble  in  water,  but  foluble  in  ardent  fpirit,  or  in  the  diluted  vitriolic 
acid.  It  has  already  been  mentioned  that  the  compound  of  phofphoric  acid  and 
iron  in  the  bog  oresj  renders  the  metal  cold-lhort : for  the  particulars  of  which 
the  article  Iron  may  beconfulted. 

Though  the  phofphoric  acid  is  fcarcely  corrofive,  yet,  when  concentrated,  it  afts 
upon  oils,  which  it  difeoiours,  and  at  length  blackens,  producing  heat,  and  a ftrong 
fmell  like  that  of  ether  and  oil  of  turpentine  ; but  does  not  form  a true  acid  foap. 
It  has  moft  effeft  on  effential  oils,  lefs  on  drying  oils,  and  leaft  of  all  on  fat  oils. 
Spirit  of  wine  and  phofphoric  acid  have  a weak  aftion  on  each  other.  Some 
heat  is  excited  by  this  mixture,  and  the  produft  which  comes  over  in  diftillation  of 
the  mixture  is  ftrongly  acid,  of  a pungent  arfenical  fmell,  inflammable  with  fmoke, 
mifcible  in  all  proportions  with  water,  precipitating  filver  and  mercury  from 
their  folutions,  but  not  gold ; and  although  not  an  ether,  yet  it  feems  to  be  an 
approximation  to  that  kind  of  combination 

* Chimie  de  Dijon,  III.  338. 

The 


A C I 


A C I 


[ 47  1 

The  theory  of  the  phofphoric  acid,  as  far  as  relates  to  its  component  parts,  is  per- 
fectly fimilar  to  that  of  the  other  acids,  which  have  hitherto  been  fuccefsfully  exa 
mined.  Phofphorus  is  the  combuftible  fubdance,  which  by  combudion  abforbs 
vital  air,  and  becomes  converted  into  an  acid  : and  on  this  occafion,  the  two  theo- 
ries of  chemidry  ftand  precifely  on  the  fame  ground  as  has  been  explained  in  the 
general  article  on  Acids.  The  phofphorus,  confidered  as  a fimple  body,  unites 
with  the  vital  air,  likewife  confidered  as  fimple  ; or  elfe,  by  a greater  refinement  of 
explanation,  the  phofphorus  parts  with  phlogifton,  while  its  acidifiable  bafis  unites 
with  vital  air,  and  forms  acid  ; or,  laftly,  if  the  vital  air  itfelf  be  fuppofed  to  be  a 
compound,  the  explanation  will  become  dill  lefs  fimple,  and  will  vary  according  to 
the  gratuitous  pofitions  which  may  be  introduced  into  the  theory. 

ACID  OF  PRUSSIAN  BLUE.  The  habitudes  of  the  colouring  matter  of 
Pruffian  blue  denote  it  to  be  an  acid.  See  Prussian  Blue.  If  the  Pruffian  blue 
be  boiled  with  an  alkali,  the  colouring  matter  immediately  quits  the  iron,  to  com- 
bine with  the  fait,  and  from  this  alkali  the  colouring  matter  or  acid  may  be  extri- 
cated by  boiling  in  a retort  with  diluted  acid  of  vitriol.  The  colouring  matter  comes 
over  in  the  form  of  an  inflammable  air,  which  will  be  abforbed  by  water  placed  for 
that  purpofe  in  the  receiver.  As  a portion  of  vitriolic  acid,  likewife,  comes  over,  a 
fecond  didillation  is  neceflfary  to  be  made,  with  the  addition  of  chalk.  The  vitriolic 
acid,  by  this  means,  forming  felenite,  is  detained ; while  the  Pruffian  acid  paffes 
over  totally,  before  one  fourth  of  the  water  is  diddled  off. 

The  colouring  matter  of  Pruffian  blue  is  not  only  feized  by  the  fixed  alkalis,  but 
likewife  by  the  volatile  alkali,  by  lime,  by  magnefia,  and  by  ponderous  earth  ; with 
which  it  forms  peculiar  compounds,  capable  of  precipitating  Pruffian  blue,  by  dou- 
ble affinity,  from  the  folutions  of  iron  in  acids.  Various  metals,  likewife,  combine 
with  it.  Alkalis,  or  lime,  combined  with  the  Pruffian  acid,  are  ufed  as  teds  to  afcer- 
tain  the  prefence  and  quantity  of  iron  in  folutions.  But  all  the  alkaline  or  earthy 
combinations,  produced  by  boiling  thofe  fubdances  with  Pruffian  blue,  contain  iron, 
which  falls  down  in  the  form  of  the  blue  precipitate  when  an  acid  is  added.  For  this 
reafon,  they  cannot  be  ufed  in  accurate  experiments,  unlefs  a previous  trial  has 
been  made  of  the  quantity  a known  proportion  of  the  proof  liquor  is  capable  of  pre- 
cipitating. 

If  the  dephlogidicated  or  aerated  marine  acid  be  mixed  with  the  Pruffian  acid,  the 
former  refumes  the  date  of  common  marine  acid  ; while  the  latter  acquires  a much 
dronger  fmell,  and  appears  to  be  more  volatile.  In  this  fituation,  it  does  not  form 
Pruffian  blue  with  the  folutions  of  iron  ; but  affords  a green  precipitate,  which  be- 
comes blue  by  expofure  to  the  light,  or  by  the  addition  of  volatile  vitriolic  acid. 

If  martial  vitriol  be  added  to  the  dephlogidicated  or  aerated  marine  acid,  and  a 
folution  of  Pruffian  alkali  be  poured  in,  the  green  precipitate  which  is  formed  is 
again  diffolved  ; but  it  may  be  precipitated  of  a blue  colour  by  the  addition  of  vo- 
latile vitriolic  acid,  or  martial  vitriol,  or  iron  alone. 

In  the  indances  lad  mentioned,  we  may  perceive  that  the  effeds  depend  on  thede- 
phlogidication  or  addition  of  vitalair,  to  the  Pruffian  acid,  accordingly  as  we  adopt  the 
ancient  'or  the  modern  theory.  The  green  precipitate,  which  may  be  confidered 
either  as  dephlogidicated  Pruffian  blue,  or  as  Pruffian  blue  combined  with  vital  air, 
becomes  common  Pruffian  blue  by  the  adion  of  light,  which,  as  we  have  frequently 
had  occafion  to  remark,  operates,  in  many  indances,  in  a manner  contrary  to  that 
of  combudion  ; that  is  to  fay,  it  either  adds  phlogidon,  or  expels  vital  air,  or  does 
both.  By  this  adion,  therefore,  the  Pruffian  blue  returns  to  its  original  date.  The 
addition  of  volatile  vitriolic  acid  mud  produce  a like  effed  ; for  this  acid  is  phlo- 
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gifticated  according  to  the  old  theory,  or  is  deficient  in  vital  air  according  to  the 
new:  it  is  therefore  difpofed  either  to  phlogifticate  the  green  precipitate,  or  to  at- 
tract vital  air  from  it ; which  is  all  that  it  requires  to  convert  it  into  common  Pruf- 
fian blue.  The  fame  theories  manifeftly  apply  to  the  green  precipitate,  which  is  re- 
diffolved  ; for  in  whatever  ftate  of  combination  it  may  be  fuppofed  to  remain,  as  to 
the  order  or  arrangement  of  the  principles  which  are  united  in  the  fluid,  the  addi- 
tion of  volatile  vitriolic  acid,  or  common  vitriol,  or  iron  in  the  metallic  ftate,  will 
impart  phlogifton,  or  attract  vital  air  ,*  the  abfence  of  the  one,  or  the  redundance  of 
the  other  of  which,  is  fuppofed,  according  to  the  refpedtive  theories,  to  caufe  the 
difference  between  it  and  Prnfiian  blue. 

If  the  Pruffian  acid  be  impregnated  mere  ftrongly  with  the  dephlogifticated  or 
aerated  marine  acid,  and  then  expofed  to  the  aeftion  of  light,  it  aflumes  new  proper- 
ties. It  no  longer  combines  with  iron  precipitated  from  its  folutions  ; its  fmell  is 
entirely  different  from  that  which  it  before  poflefled,  and  now  refembles  an  aro- 
matic oil,  the  greateft  part  of  it  feparating  from  the  water,  at  the  bottom  of  which  it 
flows  in  the  form  of  an  oil.  This  fluid,  however,  is  not  inflammable.  By  a gentle 
heat  it  rifes  in  the  form  of  a vapour,  not  foluble  in  water : and  in  time  it  aflumes  the 
form  of  fmall  cryftals.  Pruffian  acid  cannot  be  reftored  after  it  has  undergone  thefe 
changes. — Their  theory  is  not  known. 

Various  experiments  have  been  made  to  difeover  the  component  parts  of  the 
Pruffian  acid.  If  equal  parts  of  pulverized  charcoal  and  vegetable  alkali  be  made 
red  hot  for  a quarter  of  an  hour  in  a crucible,  and  fome  fal  ammoniac  in  fmall  pieces 
be  then  brifidy  ftirred  down  into  the  mafs,  the  ammoniacal  vapours  will  f<?on  ceafe. 
The  ignited  matter  being  then  thrown  into  water,  affords  a lixivium  equal  to  the 
beft  which  is  made  with  blood.  From  thefe,  and  other  experiments,  it  was  con- 
cluded, that  its  component  parts  are  fixed  air,  volatile  alkali,  and  the  principle  of 
inflammability,  or  phlogifton.  Later  experiments  appear  to  have  decided  the  quef- 
tion  fomewhat  more  accurately.  When  the  acid  has  been  converted,  by  means  of 
the  dephlogifticated  or  aerated  marine  acid,  into  that  ftate  which  affords  a green 
precipitate  with  iron,  it  emits  alkaline  air  upon  the  addition  of  lime,  or  a pure 
alkali.  If  the  lime,  or  alkali,  be  afterwards  faturated  by  the  addition  of  fome  other 
acid,  the  Pruffian  acid  is  not  difengaged,  or  reftored,  but  is  no  where  found  ; hence 
it  follows,  that  the  alkaline  air  was  one  of  the  principles  of  the  Pruffian  acid,  which 
is  deftroyed  : and  as  the  lime  or  alkali  ufed  in  this  decompofition  is  found  to  be  in 
a mild  ftate,  that  is  to  fay,  combined  with  fixed  air,  though  it  did  not  contain  that 
fubftance  before ; it  is  clear  that  the  other  principle  of  the  Pruffian  acid  is  fixed  air. 
The  common  Pruffian  acid  confifts,  therefore,  of  volatile  alkali,  united  with  the  bafe- 
©f  fixed  air,  or  that  fubftance  which,  in  combination  with  vital  air,  forms  the  acid' 
called  fixed  air.  When  the  Pruffian  acid  receives  vital  air,  and  is  converted  into 
the  ftate  proper  to  afford  the  green  precipitate  ; it  then  appears  to  confift  of  the  fame 
principles  as  the  mild  or  concrete  volatile  alkali,  though  probably  in  a different  or- 
der of  combination,  and  this  order  feems  to  be  deranged  by  the  addition  of  the  lime, 
or  the  fixed  alkali,  which  attracts  thofe  principles  that  form  fixed  air,  at  the  fame 
time  that  the  principles  which  form  volatile  alkali  fly  off  in  the  elaftic  ftate. 

The  component  parts  of  Pruffian  acid  will  confequently  be  phlogifticated  air,, 
inflammable  air,  and  fixed  air,  or  its  bafe  ; all  which  are  afforded  by  animal  fub- 
ftances;  but  they  do  not  form  this  peculiar  combination  in  any  cafe  yet  known, except- 
ing that  in  which  an  alkali  is  prefent,  when  thofe  fubftances  are  decompofed  by 
fire. 

ACID  OF  SORREL.  This  acid  is  obtained  from  the  fait  offorrel,  and  does 
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not  in  any  refped  differ  from  the  acid  of  fugar,  or  faccharine  acid.  The  fait  of 
forrel  is  a cryftallized  fait ; fo  denominated,  becaufe  it  is  obtained  from  the  wood 
forrel,  or  oxalis  acetofella  of  Linnaus,  for  the  purpofes  of  commerce  ; though  it 
may  be  obtained  from  fome  other  plants.  It  is  in  white  cryftals,  whofe  figure  has 
not  been  well  determined,  on  account  of  their  minutenefs.  When  it  is  expofed  to 
diftillation  in  a retort,  the  acid  is  partly  decompofed  ; a confiderable  quantity  of 
acid  phlegm  comes  over,  which  is  without  fmell  or  colour,  and  confifts  of  the  acid 
itfelf,  fcarcely  altered  ; and  the  refidue  affords  vegetable  alkali,  amounting  to  fome- 
what  more  than  one  third  of  the  weight  of  the  fait.  Expofure  to  air  does  not  alter 
the  fait  of  forrel.  It  is  very  fparingly  foluble  in  cold  water  : but  boiling  water  may 
take  up  one  fixth,  or  more,  of  its  weight ; the  quantity  varying  according  to  the 
Hate  and  purity  of  the  fait,  which  feems  to  vary  in  different  fpecimens. 

Salt  of  forrel  a£Vs  upon  various  fubftances  without  decompofition.  With  ponde- 
rous earth,  magnefia,  vegetable  alkali,  and  volatile  alkali,  it  forms  triple  falts. 
Lime  decompofes  it,  by  feizing  the  whole  of  the  acid,  and  difengaging  the  alkali. 
The  attraction  of  this  acid  for  lime  is  fo  ftrong,  that  it  cannot  be  difengaged  from 
it  by  any  other  acid  : another  procefs  is  therefore  neceffary  to  be  ufed  for  obtain- 
ing it.  With  this  intention,  the  fuperabundant  acid  is  to  be  faturated  with  volatile 
alkali ; and  into  this  folution  muff  be  poured  a folution  of  ponderous  earth  in  the 
nitrous  acid.  The  laft  mentioned  acid  combines  with  the  alkalis,  forming  nitrous 
ammoniac  and  common  nitre,  both  which  remain  in  folution  ; while  the  ponderous 
earth  combining  with  the  acid  of  forrel,  forms  an  infoluble  compound,  which  falls 
to  the  bottom.  This  precipitate,  after  being  well  wafhed,  may  be  decompofed  by 
the  addition  of  vitriolic  acid,  which  feizes  the  earth,  and  likewife  forms  an  info- 
luble combination,  while  the  acid  is  fet  at  liberty.  After  decantation  of  the  clear 
liquid,  it  muff  be  affayed  by  pouring  into  it  a little  at  a time  of  the  boiling'  hot  folu- 
tion of  ponderous  earth  in  the  acid  of  forrel.  If  there  be  any  excefs  of  vitriolic  acid, 
a precipitate  will  be  formed  by  its  union  with  the  ponderous  earth.  A due  evapo- 
ration and  cooling  of  this  liquor  afford  the  acid  of  forrel  or  faccharine  acid,  in  pris- 
matic four-fided  cryftals  or  fquare  plates. 

ACID  OF  SUGAR,  or  Saccharine  Acid.  This  acid  is  fo  denominated, 
becaufe  it  was  firft  obtained  from  fugar  when  fubmitted  to  chemical  examination. 
The  procefs  of  Bergman  is  as  follows  : Three  ounces  of  ftrong  nitrous  acid,  whofe 
fpecific  gravity  was  nearly  1.567,  were  mixed  in  a tubulated  retort  with  one  ounce 
of  the  fineft  fugar  in  powder.  Much  nitrous  air  efcaped  in  red  fumes,  formed  by 
combination  with  the  vital  air  of  the  atmofphere.  A receiver  was  then  adapted,  and 
the  liquor  gently  boiled.  As  foon  as  the  mixture  had  acquired  a dark  brown  colour, 
three  additional  ounces  of  nitrous  acid  were  added,  and  the  boiling  was  continued 
until  the  coloured  and  fuming  acid  had  entirely  difappeared.  The  liquor  being 
then  poured  out,  afforded  fmall  prifmatic  cryftals  by  cooling,  which  weighed  109 
grains,  and  are  the  acid  of  fugar.  The  remaining  lixivium  being  again  treated  in 
the  fame  manner,  with  two  ounces  of  nitrous  acid  afforded  an  additional  portion,  con- 
fiding of  forty-three  grains  of  acid  of  fugar,  which  feparated  by  cooling  ; and  the 
remaining  glutinous  liquor  being  treated  at  different  times  with  fmall  quantities  of 
nitrous  acid,  amounting  in  the  whole  to  two  ounces,  and  evaporated  to  drynefs,  af- 
forded a faline  mafs,  brown,  glutinous,  and  deliquefcent,  which,  when  perfectly  dried, 
weighed  half  a dram  : and,  laftly,  the  whole  was  depurated  by  repeated  folutions 
and  cryftallizations  in  water.  In  this  way,  with  three  parts  of  fugar  and  thirty  of 
nitrous  acid,  the  quantity  of  one  part  of  acid  of  fugar  is  obtained. 

It  may  be  obferved,  that  a weaker  nitrous  acid  will  anfvver  the  purpofe  nearly  as 
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well  as  the  Concentrated  acid  ; and  that  where  it  is  not  an  objedf  to  colled  the  acid? 
which  comes  over,  there  will  be  no  need  of  any  receiver  or  other  apparatus,  except 
a matrafs  or  Florence  flafk  to  perform  the  operation  in  a chimney  where  there  is  a 
proper  draft  of  air  to  carry  off  the  acid  fumes. 

It  has  been  difcovered,  fince  the  original  experiments  of  Scheele  and  Bergman, 
that  a variety  of  other  fubftances  afford  the  nitrous  acid  when  treated  in  the  above 
manner.  Bergman  procured  it  from  honey,  gum  arabic,  fpirit  of  wine,  and  the 
calculous  concretions  in  the  kidneys  and  bladders  of  animals ; Scheele  and  Hermb- 
ftadt  from  fugar  of  milk.  Scheele  from  a fweet  matter  contained  in  fat  oils,  and 
alfo  from  the  uncryftallizable  part  of  the  juice  of  lemons.  Hermbfladt  from  the 
acid  of  cherries,  and  the  acid  of  tartar.  Gottling  from  beech  wood.  Kohl  from 
the  refiduum  in  the  diftillation  of  ardent  fpirits.  Weftrumb  not  only  from  the  crys- 
tallized acids  of  currants,  cherries,  citrons,  rafpberries,  but  alfo  from  the  Saccha- 
rine matter  of  thefe  fruits,  and  from  the  uncryftallizable  parts  of  the  acid  juices. 
Hoffman  from  the  juice  of  the  common  barberry;  and  Berthollet  from  filk,  hair, 
tendons,  wool ; alfo  from  other  animal  fubftances,  efpecially  from  the  coagulum  of 
blood,  whites  of  eggs,  and  likewife  from  the  amylaceous  and  glutinous  parts  of 
flour  *. 

Mr.  Berthollet  obferves,  that  the  quantity  of  the  faccharine  acid  obtained  by  treat- 
ing wool  with  nitrous  acid  was  very  considerable,  having  got  above  half  its  weight  of 
faccharine  acid  ; whereas  Bergman  obtained  only  one  third  from  the  fugar  employed. 
He  mentions  a difference  which  he  obferved  between  animal  and  vegetable  fub- 
ftances thus  treated  with  nitrous  acid,  namely,  that  the  former  yielded,  befides  vo- 
latile alkali,  a large  quantity  of  an  oil,  which  the  nitrous  acid  could  not  decompofe 
whereas  the  oily  parts  of  vegetables  were  totally  deftroyed  by  the  adlion  of  this  acid  : 
and  he  remarks,  that  in  this  inftance  the  glutinous  part  of  flour  refembled  animal 
fubftances,  whereas  the  amylaceous  part  of  the  flour  retained  its  vegetable  proper- 
ties. He  further  remarks,  that  the  quantity  of  faccharine  acid  furnifhed  by  vege- 
table matters  is  proportionable  to  their  nutritive  quality,  and  particularly  that  from 
cotton  he  could  not  obtain  any  fenfible  quantity. 

Thefe  cryftals  of  acid  of  fugar  have  an  exceedingly  pungent  tafte,  but,  when  Suf- 
ficiently diluted  with  water,  their  tafte  is  agreeable.  It  converts  all  blue  vegetable 
juices,  except  that  of  indigo,  to  a red.  It  expels  fixed  air  from  alkalis  and  earths, 
and  consequently  effervefces  with  them  if  they  be  in  the  mild  ftate.  Boiling  dif- 
tilled  water  diffolves  its  own  weight  of  the  cryftals,  though  in  a heat  of  fixty  degrees 
it  diffolves  only  half  of  that  quantity.  The  Solution  at  fxrft  appears  a little  turbid, 
but  Soon  recovers  a perfect  transparency.  The  Specific  gravity  of  this  laft  Solution*, 
when  Saturated,  is  1.0593.  The  vapours  which  arife  during  the  boiling  of  the  for- 
mer Solution  do  not  contain  any  acid,  and  the  liquor  as  it  cools  gradually  depofits  a 
great  quantity  of  cryftals,  many  of  which  exhibit  prifms  diverging  from  a point. 

Thefe  cryftals  of  acid  of  fugar  are  Soluble  in  other  acids.  Concentrated  vitriolic  acid 
Seizes  the  oily  matter  and  grows  brown,  and  at  length  totally  confumes  the  cryftals, 
efpecially  on  boiling ; but  when  diluted,  though  it  diffolves  the  cryftals  readily,  yet 
it  yields  them  up  again,,  but  in  the  form  of  needles,  a change  which  this  acid  like- 
wife produces  with  other  Salts.  The  nitrous  acid  readily  takes  up  the  acid  of  Sugar, 
and  upon  boiling,  grows  yellow.  Upon  cooling,  the  cryftals  are  again  Separated, 
but  generally  irregular  and  lefs  in  quantity.  If  the  Solution  be  often  repeated  with 
the  affiftance  of  heat,  the  faccharine  acid  is  totally  deftroyed. 


* Keir’s  Chemical  Didionary,  page  i6i> 
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The  marine  acid  and  vinegar  diffolve  the  cryftals  very  completely,  but  do  not 
produce  any  change  in  their  properties. 

One  hundred  parts  of  fpirit  of  wine  take  up  nearly  fifty-fix  of  this  acid  at  a boil- 
ing heat,  but  not  above  forty  in  a moderate  heat.  This  folution  becomes  fome- 
what  turbid,  and  depofits  a mucous  fediment,  equal  to  nearly  one  fortieth  of  the 
acid.  On  cooling,  fcaly  cryftals  are  feparated,  of  an  irregular  form  and  fragrant 
fmell,  which  grow  white  in  drying.  Two  drams  of  the  cryftals  diffolved  in  the 
fame  quantity  of  ardent  fpirit,  of  the  fpecific  gravity  of  0.8581,  were  boiled  over  a 
flow  fire  in  a fmall  retort.  The  firft  half  dram  which  came  over  was  nothing  but 
the  fpirit  deprived  of  its  fuperfluous  phlegm ; after  which  ftriae  began  to  appear  in 
the  retort,  and  a dram  of  an  acid  liquor  came  over,  which  upon  evaporation  yielded 
a cryftallized  faccharine  acid.  Upon  the  addition  of  lime-water,  the  faline  combi- 
nation of  acid  of  fugar  and  lime  fell  to  the  bottom,  and  on  the  top  there  floated  a 
thin  ftratum  of  ether,  which  differs  much  from  the  common  ether,  for  it  has  but  a 
weak  fmell,  is  not  inflammable  except  when  hot,  and  does  not  burn  with  a white,  but 
with  a blue  flame,  only  white  on  the  furface. 

Vitriolic  ether  diffolves  the  cryftallized  acid  of  fugar,  but  with  difficulty.  Oils, 
both  effential  and  exprefied,  diffolve  it ; but  it  feparates  upon  due  evaporation  of  the 
former,  or  in  a more  violent  heat  of  the  latter  it  feparates  by  rifing  above  the 
furface. 

This  acid  efflorefces  in  an  heat  exceeding  6o°,  thecryftalslofingabout  threetenths  of 
theirweight  by  falling  into  a white  powder.  This  lofs,  which  confifts  merely  of  water 
of  cryftallization,  is  quickly  recovered  in  a moift  air. 

When  the  acid  of  fugar  is  expofed  to  heat  in  low  diftilling  veffels,  the  water  of 
cryftallization  firft  comes  over  in  the  quantity  above  fpecified.  As  the  heat  becomes 
greater,  the  acid  melts,  and  grows  brown  when  boiling  hot : a little  phlegm  comes 
over  : an  acid  powder  efflorefces  upon  the  luting  of  the  receiver,  and  a white  faline 
cruft  fublimes,  which  confifts  of  acid  of  fugar  in  a very  pure  ftate.  The  refiduum  is 
of  a brown  or  grey  colour,  and  empyreumatic  fmell,  and  flies  off  if  expofed  to  the 
fire  in  an  open  veffel.  In  the  receiver  is  found  an  acid  liquor,  which  has  the  pro- 
perties of  acid  of  fugar,  but  does  not  eafily  cryftallize.  During  this  operation  a 
great  part  of  the  acid  of  fugar  is  deftroyed,  and  a large  quantity  of  aerial  fluid 
efcapes,  which  on  examination  is  found  to  confift  of  about  one  half  fixed  air  abforb- 
able  by  lime  water,  and  the  reft  heavy  inflammable  air,  which  burns  with  a blue 
flame.  If  the  fublimed  acid  of  fugar  be  again  and  again  expofed  to  heat,  its  decom- 
pofition  is  (till  farther  effefted,  and  more  fpeedily  in  open  than  clofe  vefiels.  It 
affords  no  veftiges  of  coal ; a circumftance  that  diftinguifhes  it  from  the  acid  of 
tartar. 

The  combination  of  acid  of  fugar  with  vegetable  alkali  does  not  eafily  afford 
cryftals  when  faturated  ; but  if  either  the  acid  or  alkali  be  rather  in  excefs,  the  fo- 
lution affords  cryftals  without  difficulty.  Two  parts  of  perfectly  mild  alkali  being 
combined  with  one  of  faccharine  acid,  and  carefully  evaporated,  afford  beautiful 
prifmatic  cryftals,  nearly  of  the  fame  form  as  thofe  of  the  acid  itlelf,  which  are  very 
fbluble  in  water,  but  lefs  fo  in  ardent  fpirit.  Lime,  ponderous  earth,  or  magnefia,  fe- 
parate  the  acid  fromthefe  cryftals.  As  the  faccharine  acid  has  a ftronger  att  raft  ion  for 
lime  than  any  other  acid  has,  and  forms  an  infoluble  compound  with  that  earth,  it 
is  ufedas  a teft  to  difcover  its  prefence  in  all  folutions  : and  though  the  acid  alone 
is  capable  of  throwing  down  this  infoluble  compound,  yet  the  combination  of  acid  of 
fugar  and  vegetable  alkali  operates  more  fpeedily  by  means  of  the  double 
affinity. 
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Two  parts  of  newly  cryftallized  mineral  alkali,  combined  with  one  of  faccharine 
acid,  form  a fait  of  very  difficult  folubility  ; part  of  which  falls  down  at  the  time  of 
combination,  and  the  remaining  folution  affords  cryftals  which  diffolve  perfectly  in 
warm  water,  but  not  in  ardent  fpirit.  In  its  other  properties  this  fait  refembles  that 
formed  with  the  vegetable  alkali ; but  the  mineral  alkali  is  expelled  by  the  ve- 
getable. 

The  combination  of  acid  of  fugar  with  volatile  alkali  affords  quadrangular  prif- 
matic  cryftals  by  flow  evaporation,  which  are  foluble  in  water,  but  not  in  ardent  fpi- 
rit. By  deftrudtive  diftillation  they  afford,  firft,  a concrete  or  mild  volatile  alkali, 
and  then  a portion  of  volatile  alkali  combined  with  acid  of  fugar.  A coaly  refiduum 
is  left,  which  indicates  a decompofition  of  the  fait ; and  the  mild  ftate  of  the  volatile 
alkali  which  firft  comes  over,  fhews  that  a portion  of  fixed  air  was  extricated,  no 
doubt,  from  the  acid  of  fugar.  Fixed  alkalis  and  the  foluble  earths  decompofe  this 
fait. 

Eighty-two  parts  of  faccharine  acid  diffolve  one  hundred  of  tranfparent  calcareous 
fpar,  though  flowly,  becaufe  the  firft  adtion  of  the  acid  on  the  lime  forms  a nearly  in- 
foluble  compound,  which  covers  and  in  fome  meafure  defends  the  internal  parts  of 
the  fpar.  When  lime  is  difl'olved  in  nitrous  acid,  it  is  completely  precipitated  by 
acid  of  fugar,  in  the  form  of  a white  powder  not  foluble  in  water.  Of  119  parts 
by  weight  of  this  powder,  72  fall  to  the  bottom,  and  47  appear  upon  evaporation. 
Hence  it  appears  that  100  parts  contain  of  acid  48,  of  pure  lime  46,  and  of  water 
6 ; fo  that  not  only  the  prefence  of  lime  in  water  may  be  difcovered,  but  alfo  its 
quantity,  from  the  weight  of  the  precipitate. 

The  acid  of  fugar,  fa tu rated  with  ponderous  earth,  is  very  fparingly  foluble  in  wa- 
ter, and  does  not  cryftallize  unlefsthe  acid  be  in  excefs.  Hotwatertakes  away  this  fu- 
perabundant  acid  from  part  of  the  cryftals,  and  therefore  throws  down  a precipitate  ; 
pure  vegetable  alkali  caufes  a precipitate  for  the  fame  reafon,  namely,  becaufe  it 
feizes  the  fuperabundant  acid.  The  cryftals  of  this  fait  are  fcarcely  foluble  in  ar- 
dent fpirit. 

Magnefia  likewife  forms  a fait  with  the  acid  of  fugar,  which  is  not  foluble  either 
in  water  or  ardent  fpirit,  unlefs  the  acid  be  fuperabundant.  One  hundred  parts  of 
this  fait  contain  35  of  pure  magnefia,  and  65  of  acid  and  water.  The  fluor  acid  is 
the  only  one  which  decompofes  this  fait : lime  and  ponderous  earth  likewife  feize 
its  acid  ; but  alkalis  do  not. 

Of  pure  clay,  or  earth  of  alum,  well  wafhed,  forty-two  parts  are  diffolved  by  di- 
geftion  with  53  of  acid  of  fugar.  This  folution  does  not  afford  cryftals  by  evapora- 
tion, but  a yellowifh  pellucid  mafs  of  a fweet  though  aftringent  tafte ; which  when 
dry  deliquates  in  a moift  air,  and  gains  ■§■  of  its  weight.  This  reddens  tindfure  of 
turnfole,  but  not  fyrup  of  violets.  It  is  fparingly  foluble  in  fpirit  of  wine  ; fwells 
in  the  fire,  and  lofes  its  acid,  a brown  earth  remaining  behind.  One  hundred  parts 
of  this  argillaceous  fait  contain  about  44  of  earth,  and  56  of  acid  and  water.  It  is 
decompofed  by  the  vitriolic,  nitrous,  and  marine  acids,  the  alkaline  falts,  ponderous 
earth,  lime,  and  magnefia. 

Noadtion  takes  place  between  the  folution  of  faccharine  acid  and  gold  in  the  metallic 
ftate;  but  if  the  metal  be  precipitated  by  an  alkali  from  its  folution  in  aqua  regia, 
and  then  well  wafhed,  the  faccharine  acid  blackens,  but  fcarcely  diffolves  it.  Pla- 
tina  is  not  diffolved,  unlefs  precipitated  by  an  alkali.  When  this  metal  is  precipi- 
tated by  the  mineral  alkali,  and  well  wafhed,  it  forms  a yellow  folution  with  the 
acid  of  fugar,  which  affords  yellow  cryftals.  Silver  is  not  attacked  by  the  acid  of 
fugar,  and  its  precipitate  by  an  alkali  is  very  feebly  adted  on.  If  the  faccharine 
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acid  be  added  to  a nitrous  folution  of  filver,  it  feizes  the  metal,  with  which  it  falls 
down  in  the  form  of  a white  powder,  fcarcely  foluble  in  water,  and  ftill  lefs  in  ar- 
dent fpirits,  but  foluble  in  the  nitrous  acid.  This  powder  when  well  walhed  does 
not  change  even  the  tinfture  ofturnfole.  The  rays  of  the  fun  convert  it  to  a black 
colour.  The  folution  of  filver  in  the  vitriolic  acid  is  alfo  decompofed  by  acid  of 
fugar,  but  the  marine  folution  does  not  appear  to  be  decompofable. 

Mercury  is  not  afted  upon  by  the  faccharine  acid,  unlefs  it  be  in  the  ftate  of  calx, 
and  in  this  cafe  it  is  difTolved,formingapowdery  white  fait,  which  is  not  foluble  in  wa- 
ter,unlefs  the  acid  predominates,  and  which  grows  blackby  expofureto  the  fun’s  rays. 
The  fame  combination  may  be  had  by  adding  faccharine  acid  to  the  nitrous  folution 
of  mercury.  The  precipitate  afforded  in  this  way  by  corrofive  fublimate  does  not 
grow  black  in  the  fun.  Lead  in  the  metallic  ftate  is  corroded,  but  fcarcely  diffolved 
in  this  acid,  unlefs  it  be  calcined,  efpecially  by  precipitation  with  an  alkali.  The 
folution  lets  fall  faline  grains  as  it  approaches  towards  faturation.  The  fame  combi- 
nation may  be  had  by  adding  the  faccharine  acid  to  the  nitrous,  marine,  or  acetous 
folutions  of  lead.  The  cryftals  are  not  foluble  in  ardent  fpirit,  and  fcarcely  in  wa- 
ter, unlefs  it  be  fharpened  with  an  acid.  The  cryftals  contain  about  55  parts  of 
lead  in  the  hundred.  Lead  is  not  precipitated  from  the  vitriolic  by  the  faccharine 
acid.  Copper  in  its  metallic  ftate  is  attacked  by  the  acid  of  fugar,  but  more  readily 
if  it  has  been  precipitated  by  an  alkali.  The  folutions  form  a powder  of  a faint  blue 
colour  fparingly  foluble  in  water,  unlefs  the  acid  be  in  excefs.  The  cupreous  fo- 
lutions in  vitriolic,  nitrous,  or  marine  acids,  are  precipitated  by  faccharine  acid;  and 
the  folution  of  the  acetous  fait  of  copper  is  fo  completely  decompofed  by  this  acid, 
that  the  concentrated  vinegar  remains  with  a very  fmall  portion  of  copper  in  folution. 
Iron,  whether  metallic  or  calcined,  is  foluble  in  the  acid  of  fugar.  The  folution  of 
metallic  iron  is  attended  with  effervefcence  and  the  efcape  of  inflammable  air,  and 
affords  cryftals  with  a fuperabundance  of  acid,  and  foluble  in  water.  Tin  is  flovvly 
diflolved,  as  is  likewife  its  calx  more  readily.  Both  folutions  poffefs  an  excefs  of 
acid,  and  the  former  exhibits  cryftals. 

Regulus  of  bifmuth  is  fomewhat  corroded  by  the  acid  of  fugar,  but  the  calx  only 
is  diffolved,  forming  a powdery  white  fait,  very  fparingly  foluble  in  water,  and  con- 
taining half  its  weight  of  metal.  If  faccharine  acid  be  added  to  the  nitrous  folution  of 
bifmuth,  there  will  be  formed,  in  the  fpace  of  half  an  hour,  tranfparent  polygonal 
grains,  which  have  the  fame  properties  as  the  powdery  white  fait,  and  do  not  occa- 
lion  opacity  in  water,  as  the  cryftals  of  the  nitrous  fait  of  bifmuth  do.  Nickel  is  con- 
verted, by  digeftion  with  faccharine  acid,  into  a greenifh  white  powder,  as  is  alfo  the 
green  calx  of  this  femi- metal,  without  the  afliftance  of  heat.  This  combination  con- 
tains twice  as  much  acid  as  metal.  The  faccharine  acid  precipitates  a powder  of 
the  fame  kind  from  the  vitriolic,  nitrous,  or  marine  folutions  of  nickel.  This  fait  is 
foluble  in  a large  quantity  of  water,  and  affumes  a yellow  colour.  Reguline  arfenic 
is  fcarcely  diffolved  by  digeftion  in  acid  of  fugar  ; but  the  white  calx  is  eafily  taken 
up  without  heat.  This  folution  affords  prifmatic  cryftals  by  evaporation,  which 
melt  in  a gentle  heat,  emit  the  fuperabundant  acid,  and  (hoot  into  elegant  ra- 
mifications ; they  are  very  foluble  in  water,  and  in  ardent  fpirits ; redden  turnfole ; are 
ftiblimedby  a moderate  heat;  but  decompofed  by  a ftronger,  the  faccharine  acid  firft 
flying  off',  and  afterwards  the  arfenical  calx.  Cobalt  is  attacked,  either  with  or  with- 
out heat,  by  this  acid,  which  converts  it  into  a faint  rofe-coloured  powder.  The  fo- 
lution is  yellow,  and  exhibits  cryftals  more  eafily  foluble,  becaufe  abounding  in 
acid;  but  the  rofe-coloured  powder  is  fcarcely  foluble.  The  acid  of  fugar  feparates 
cobalt  from  all  the  known  acids,  and  forms  die  rofe-coloured  powder.  Metallic  zinc 
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effervefces  ftrongly  with  faccharine  acid,  and  foon  becomes  covered  with  a white 
powder.  This  contains  75  parts  of  metal  in  the  hundred,  and  is  not  foluble  in 
water  unlefs  by  excefs  of  acid.  The  calx  of  zinc  affords  a fimilar  powder,  and  the 
like  combination  is  obtained  byadding  acid  of  fugartothe  vitriolic,  nitrous,  or  marine 
folutions  of  zinc.  The  regulus  of  antimony  grows  black  by  digeftion  with  faccha- 
rine acid  : but  the  calx  and  the  glafs  are  flowly  diffolved.  The  folution,  which  al- 
ways contains  an  excefs  of  acid,  exhibits  cryftalline  grains  of  difficult  folubility  in 
water.  Manganefe,  in  the  form  of  the  black  calx,  effervefces  with  this  acid  even  in 
the  cold  ; but  the  faturated  folution  depofits  a white  powder  nearly  infoluble  in  wa- 
ter, unlefs  the  acid  predominate.  This  fait  grows  black  in  the  fire,  but  recovers  its 
whitenefs  upon  the  addition  of  more  acid.  The  faccharine  acid  precipitates  a white 
powder  of  the  fame  nature,  mixed  with  forne  cryftalline  grains,  from  the  vitriolic, 
nitrous,  or  marine  folutions  of  manganefe*. 

The  theory  of  the  faccharine  acid  is  evidently  of  the  fame  nature  as  that  of  every 
other  combuftible  fubftance  which  acquires  acid  properties.  In  the  original  theory 
of  chemiftry,  which  was  chiefly  attended  to  by  the  illuftrious  Bergman  (to  whom 
we  are  indebted  for  moft  of  the  refearches  included  in  the  prefent  article),  the 
nitrous  acid  is  fuppofed  to  do  little  more  than  deprive  the  fugar  of  a certain  quantity 
ofphlogifton,  which  concealed  the  acid  already  exiftingin  the  fugar,  by  neutralizing 
it,  or  malking  its  properties.  Others,  however,  though  with  lefts  probability,  have 
inferred,  that  the  acid  of  fugar  conllfts  merely  of  the  nitrous  acid,  altered  by  the 
phlogifton  or  fome  other  principle  of  the  fugar  ; an  opinion  which  feems  to  be  fuf- 
ficiently  confuted  by  the  difcovery  of  the  faccharine  acid  in  the  fait  of  forrel,  wherein 
theprevious  exiftenceof  nitrous  acid  cannot  be  proved, and  whichwemay  hopeto  fee 
placed  upon  ftill  lefs  equivocal  ground,  if  this  acid  fhould  ever  be  produced  by  art 
m the  way  of  a&ual  combuftion,  or  by  the  combination  of  vital  air  with  the  faccharine 
bafis,  whether  by  a fpeedy  or  flow  procefs.. 

We  have.elfewhere  had  frequent  occafion,  however,  to  obferve,  that  the  fadts  will 
not  admit  of  the  mere  fuppofition  that  dephlogifticationis  the  caufe  ofac.idity,becaufe 
it  is  fufficiently  .eftabliflied,  that  an  abforption  of  vital  air  takes  place  in  this  as  well 
as  other  proceffes  analogous  to  combuftion.  Admitting,  therefore,,  that  fugar  (or 
fome  principle  common  to  fugar,  gums,  mucilages,  hair,  and  the  other  bodies  which 
afford  this  acid)  is  acidified  by  the  abforption  of  vital  air,  and  waving  the  queftion 
how  far  the  difengagement  of  an  inflammable  principle  may  take  place,  the  chief 
objecft  of  enquiry  will  relate  not  to  the  nitrous  acid  that  caufes  the  acidification,  but 
to  the  principle  or  bafis  on  which  the  peculiar  properties  of  this  acid  depend.  In 
this  refearch,  as  we  have  no  diredt  or  fynthetical  experiments,  we  muft  attend  to  the 
analyfesthat  take  place  by  fire  and  by  fermentation.  In  the  deftru&ive  diftillation 
of  faccharine  acid,  we  have  fcarcely  any  products  but  fixed  air  and  heavy  inflammable 
air,  which  laft  is  with  confiderable^probability  taken  to  be  a combination  of  light  in- 
flammable air  and  fixed  air.  Again  it  is  found,  that  when  the  boiling  with  nitrous  acid 
is  continued  too  long,  or  the  acid  is  ftronger  than  it  ought  to  be,  a quantity  of  fixed  air 
is  extricated,  and  the  faccharine  acid  is  in  a great  meafure  converted  into  the  acetous. 
It  is  likewife  found,  that  when  fugar  is  treated  with  a weak  nitrous  acid,  the  produce  is 
the  acid  of  tartar,  inftead  of  that  peculiarly  diftinguilhed  by  the  name  of  faccharine. 
When  a folution  of  fugar  in  water  is  expofed  to  fermentation  or  fpontaneous  decom- 
pofition,  a confiderable  quantity  of  fixed  air  efcapes,  mucilage  fubfides,  and  the  fluid 
contains  ardent  fpirit,  a fubftance  eminently  inflammable,  but  which  affords  faccha’ 

* Bergman  de  Acido  Sacchari, 
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rlne  arid,  when  properly  treated,  with  the  nitrons.  During  the  fubfequent  ftages  of 
the  fermentation,  vital  air  is  abforbed,  and  the  ardent  fpirit  is  no  longer  found,  but 
is  converted  into  vinegar.  Whether  the  intermediate  acids  may  be  produced,  or 
do  exift,  for  any  determinate  fpace  of  time  in  this  procefs,  is  not  known. 

From  thefe  circumftances,  it  appears  very  probable,  that  an  inflammable  principle, 
exifting  in  fugar  and  many  other  bodies,  is  in  the  feveral  procefles  brought  nearer  to 
the  ftate  of  perfeft  acidity,  accordingly  as  it  abforbs  a greater  quantity  of  vital  air; 
that  fixed  air,  vinegar,  acid  of  fugar,  and  acid  of  tartar,  are  fubftances  in  which  this 
inflammable  principle  is  more  and  more  abundant,  and  are  therefore  convertible 
into  each  other,  by  dephlogiftication,  or  the  addition  of  vital  air,  though  chemiftry 
has  not  yet  obtained  the  means  of  reverfing  the  procefles  by  the  fubtradfion  of  the 
fame  principle.  Sugar  is  probably  converted  into  ardent  fpirit  by  fuch  a na- 
tural reverfing,  in  which  fixed  air  or  the  moft  perfect  vegetable  acid  flies  off,  and 
leaves  a more  inflammable  fubftance,  which  afterwards  attracts  the  vital  parts  of  the 
atmofphere,  and  becomes  vinegar. 

From  this  view  of  the  fubjedf,  it  will  follow  that  the  combuflible  fubftance  is  the 
bafisof  fixed  air:  this  is  fuppofed,  bythe  antiphlogiftic  philofophers,  to  be  charcoal, or 
a peculiar  principle  moft  eminently  abundant  in  vegetable  coal ; but  the  Englifh 
philofophers,  particularly  Dr.  Prieftley,  infer,  that  this  principle  is  nothing  elfe  but 
inflammable  air.  The  antiphlogiftic  philofophers  derive  the  inflammable  air  that 
appears  in  thefe  and  other  fimilar  operations  from  the  water,  which  they  take  to 
be  decompofedv 

ACID  OF  SUGAR,  EMPYREUMATIC.  When  fugar  is  diftilled  without 
addition  in  a retort,  a fluid  acid  liquor  and  oil  pafs  into  the  receiver.  Mr.  Schrickel* 
has.purified  and  concentrated  this  acid  liquor,  and  inveftigated  its  properties.  From 
fixteen  ounces  of  fine  fugar  he  obtained,  by  diftillation,  water,  acid,  and  oil,  amount- 
ing to  eight  ounces,  four  fcruples,  and  a carbonaceous  refidue  which  weighed  feven 
ounces  and  two  fcruples  : fo  that  fix  drachms  were  loft,  in  the  operation.  Thefirft 
liquor  which  diftilled  was  about  fix  drachms  in  weight,  fcarcely  acid,  and  was 
little  elfe  than  water.  The  acid  then  pafled  in  white  vapours,  and  condenfed  on  the 
fides  of  the  receiver  in  ftrite,  which  feemed  as  if  they  were  denfe  and  undtuous.  This 
acid  liquor  had  a pungent  but  pleafant  fmell ; in  tafte  it  was  fharp,  bitter,  four,  and 
empyreumatic  ; and  in  colour  of  a yellowifh  red.  It  affedted  the  colour  of  fyrup  of 
violets  but  little,  neither  did  it  effervefce  much  with  mild  alkali.  The  oil  which 
pafled  in  diftillation  was  at  firft  yellow,  then  became  black  and  thick,  and  the  whole 
quantity  was  about  one  ounce.  This  oil,  by  redtification,  was  rendered  of  a fine 
yellow  colour,  was  fpecifically  heavier  than  the  acid  liquor,  was  bitter,  lharp,  and 
dry  to  the  tafte,  and  was  foluble  in  fpirit  of  wine. 

The  empyreumatic  acid  liquor  was  rendered,  by  repeated  abftradtions  from  pure 
clay,  perfedfly  clear,  mild  in  fmell,  acid  to  the  tafte,  and  capable  of  effervefcing  with 
mild  alkalis.  By  means  of  froft,  Mr.  Schrickel  concentrated  this  acid,  and  com- 
bined it  with  different  fubftances. 

With  vegetable  fixed  alkali  he  obtained  a neutral  fait,  confifting  of  needle- lhaped 
cryftals,  which  tailed  like  fait  of  Sylvius,  were  foluble  with  difficulty  in  cold  water, 
but  not  at  all  in  fpirit  of  wine,  remained  dry  in  air,  decrepitated  and  became  white, 
but  did  not  melt  on  hot  coals. 

The  mineral  alkali,  faturated  with  this  acid,  gave,  after  a very  fhort  evaporation.,  . 

* De  falibus  faccharinis  vegetalibus  & facehari  albi  vulgaris,  atialyfi,  acidoque  hujus  fpiritus.  Gieffie, 
*776.  Quoted  by  Kier  in  his  Dictionary,  from  which  the  prelect  article  is  taken. 
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(liining  yellow,  fix-fided,  fharp-pointed  cryftals,  which  in  tafte  refembled  fait  of 
Seignette  ; were  eafily  foluble  in  water,  but  not  in  fpirit  of  wine  ; remained  dry  in  a 
dry  air,  but  liquefied  with  a gentle  heat,  and  in  the  fire  were  changed  into  a brown 
carbonaceous  refiduum. 

With  volatile  alkali,  this  acid  gave  a (harp  faline  liquor,  which  formed  a faline 
mafs  without  any  determinate  form,  or  cryftallization. 

With  calcareous  earth,  a fimilar  faline  mafs  was  formed,  which  could  be  decom- 
pofed  either  by  an  alkali,  or  by  vitriolic  acid. 

Magnefiagave  a gummy  mafs,  which,  when  dried,  was  like  ahardened  white  of  an 

cgg- 

Argillaceous  or  aluminous  earth  formed  a gummy  aftringent  faline  mafs. 

The  concentrated  acid  diffolved  eafily  the  calx  of  gold,  and  even  gold-leaf.  It 
exerted  no  aftion  on  filver,  mercury,  or  their  calces.  Partly  it  calcined,  and  partly 
it  tarniflied  lead.  With  minium  it  gave  a yellow  folution,  which  was  not  altered  by 
nitrous  acid,  but  gave  a white  precipitate  on  the  addition  of  vitriolic  and  marine 
acids,  or  of  alkalis,  and  a grey  precipitate  by  means  of  infufion  of  galls.  This  fo- 
lution of  minium  fhot  into  white,  oblong  cryftals,  of  an  aftringent  tafte.  With 
filings  of  iron  this  acid  gave  a fweetifti,  auftere,  and  blood-red  folution,  in  which 
green  cryftals  (hot.  From  a folution  of  thefe  cryftals,  alkalis  produced  a green  pre- 
cipitate, the  Pruffian  lixivium  gave  a black  or  dark  blue  precipitate,  and  marine 
acid  a white  precipitate.  Vitriolic  and  nitrous  acids  occasioned  no  precipitation. 
Copper  is  diffolved  by  this  diftilled  acid  ; and  when  the  acid  is  very  ftrong,  the  metal 
is  corroded  into  a brownifti  green  calx.  The  folution  of  copper  does  not  cryftallize, 
is  green,  forms  with  alkalis  green  precipitate,  with  infufion  of  galls  a yellowilh  green 
precipitate,  but  affords  none  by  means  of  the  mineral  acids.  Regulus  of  anti- 
mony gives  a greenifh  folution  with  the  diftilled  acid  of  fugar,  and  is  thence  precipi- 
tated of  a yellow  colour  by  fixed  alkali ; by  volatile  alkali  as  a powder  that  is  again 
foluble  by  the  precipitant,  by  vitriolic  and  marine  acids,  and  alfo  by  an  infufion  of 
galls,  as  a white  powder ; but  is  not  at  all  feparated  from  its  folvent  by  nitrous  acid. 
This  acid  partly  diffolves  zinc,  and  forms  a greenifh  folution,  and  partly  calcines  it 
to  a greyifh  yellow  powder.  This  folution  gives  a white  precipitate  on  addition  of 
infufion  of  galls,  alkalis,  fixed,  volatile,  or  phlogifticated,  or  of  vitriolic  acid.  Tin  is 
partly  diffolved,  but  principally  corroded  by  this  acid  into  a greyifh  powder.  The 
folution  is  precipitated  by  alkalis,  and  by  an  infufion  of  galls,  but  not  by  any  of  the 
mineral  acids. 

ACID  OF  SUGAR  OF  MILK.  The  fugar  which  is  obtained  by  evaporation 
of  whey  differs  little  from  the  fugar  of  vegetables.  When  treated  with  nitrous  acid, 
in  the  manner  of  producing  the  faccharine  acid,  this  laft  acid  is  not  only  afforded, 
but  likewife  another,  which,  becaufe  firft  difcovered  in  this  peculiar  fugar,  was  deno- 
minated the  acid  of  fugar  of  milk*. 

Twelve  ounces  of  diluted  nitrous  acid  being  poured  upon  four  ounces  of  finely 
powdered  fugar  of  milk,  in  a glafs  retort  on  a fand bath,  with  a receiver  annexed,  the 
mixture  became  gradually  hot,  and  at  length  effervefced  violently,  and  continued 
to  do  fo  for  a confiderable  time  after  the  retort  was  taken  from  the  fire.  It  is  necef- 
fary  therefore,  in  this  experiment,  to  ufe  a large  retort,  and  not  to  lute  the  receiver 
too  tight.  After  the  effervefcence  had  in  fome  meafure  fubfided,  the  retort  was 
again  placed  on  the  fand  bath,  and  the  nitrous  acid  diftilled  off  till  the  mafs  had 
acquired  a yellowilh  colour.  This  yellow  fluid  exhibited  no  cryftals.  Eight  ounces 

* By  Scheele.  See  EfTays,  Eng.  tranflation,  p.  278. 
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■more  of  the  fame  nitrous  acid  were  therefore  added,  and  the  diftillation  again  re- 
peated, till  the  yellow  colour  of  the  fluid  difappeared.  The  fluid  became  infpiflated 
by  cooling;  for  which  reafon  it  was  re-diffolved  in  eight  ounces  of  water,  and  fil- 
tered. Seven  drams  and  a half  of  a white  powder  remained  on  the  filter,  and  the 
clear  folution  afforded  cryftals  of  faccharine  acid.  The  mother  water  was  again 
treated  feveral  times  with  nitrous  acid,  by  which  means  the  whole  was  at  length 
changed  into  faccharine  acid. 

The  white  powder  that  remained  on  the  filter  was  found  to  be  combuftible  like 
oil,  in  a red  hot  crucible,  without  leaving  any  mark  of  afhes  behind.  It  was  foluble 
in  fixty  times  its  weight  of  boiling  water ; and  one  fourth  part  feparated  by  cooling 
in  the  form  of  very  fmall  cryftals.  The  remaining  mafs  being  then  collected  by 
evaporating  the  greuteft  part  of  the  water,  left  behind  a fmall  portion  of  the  acid  of 
fugar,  from  which  it  had  not  been  fo  exaCtly  deprived  by  edulcoration  on  the  filter. 
From  thefe  circumftances  it  appeared,  that  the  white  matter  was  a fait,  and,  upon 
examination,  it  proved  to  be  an  acid  pofielling  the  following  properties  : 

This  acid,  or  the  acid  of  fugar  of  milk,  forms  with  the  foluble  earths  falts  infolu- 
ble  in  water.  It  difengages  fixed  air  from  the  mild  alkalis.  With  the  vegetable 
alkali  it  forms  a fait  foluble  in  eight  times  its  weight  of  boiling  water,  but  feparable 
for  the  moft  part  by  cooling.  With  the  mineral  alkali  it  affords  a fait  that  requires 
only  five  parts  of  boiling  water  for  its  folution.  Both  thefe  falts  are  perfectly  neu- 
tral. When  faturated  with  volatile  alkali,  it  forms  a fait  which,  after  being  gently- 
dried,  has  a fourilh  tafte.  It  does  not  perceptibly  aCt  on  the  metals,  perhaps  be- 
caufe  fo  little  concentrated ; but  it  forms  with  their  calces  falts  of  very  difficult  fo- 
lubility,  which  therefore  fall  down. 

Gumtragacanth  and  fome  other  vegetable  mucilages  alio  afford  this  acid. 

ACID  OF  TARTAR.  Tartar  was  a long  time  confidered  as  one  of  the  pro- 
ducts of  the  vinous  fermentation,  becaufe it  is  obtained,  for  the  purpofes  of  commerce, 
from  wine,  during  the  infenfible  fermentation  of  which  liquid  it  is  gradually  depo- 
fited  on  the  fides  of  the  calks.  But  it  exifts  ready  formed  in  muft,  in  verjuice,  in 
tamarinds,  ftrawberries,  peaches,  goofeberries,  apricots,  rafpberries,  mulberries,  apples, 
pears,  barberries,  and  pomegranates,  from  all  which  it  may  be  extracted  by  exprell- 
ing  their  juice,  and  expofing  it  to  congelation,  which  alters  and  deftroys  the  mu- 
cilage, and  converts  great  part  of  the  aqueous  fluid  into  ice,  without  producing  that 
confiderable  change  in  the  remaining  fluid  which  evaporation  by  heat  would  not  fail 
to  do.  As  foon  as  the  fluids  have  loft  three  fourths  or  more  of  their  weight,  by 
taking  away  the  ice  as  it  is  formed,  a faline  depolition,  loaded  with  thecolouring  and 
extractive  matter  of  the  fruit,  falls  to  the  bottom  of  the  veffels;  and  this,  after  purifica- 
tion by  repeated  wafhings  in  fmall  quantities  of  cold  water  and  of  ardent  fpirit,  be- 
comes at  length  purified,  and  is  found,  on  examination,  to  be  cream  of  tartar  : for  it 
affords  the  fame  combinations  with  alkaline  falts,  has  the  fame  habitudes  in  the  fire, 
and,  in  a word,  does  not  differ  from  that  fubftance.  In  this  courfe  of  experiments 
fixdd  and  conftant  refults  are  not  to  be  expeCled,  unlefs  a confiderable  quantity  of 
each  fruit  be  ufed  : for  in  moft  of  them  the  faline  part  is  fo  fmall  in  quantity,  and 
fo  enveloped  in  mucilage,  that  it  would  fcarcely  be  rendered  perceptible  if  only  an 
ordinary  quantity  were  ufed,  and  more  efpecially  if  the  fruit  were  perfectly  ripe  *. 

Crude  tartar  is  feldom  ufed  in  medicine,  or  philofophical  chemiftry  ; the  refined 
tartar  is  known  by  the  name  of  cream,  or  cryftals  of  tartar.  The  purification  of  this 


* De  Laflone  and  Cornette,  in  the  Memoirs  of  the  Royal  Academy  of  Sciences  at  Paris,  for  the  year 
1786, p.  606. 
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fait  is  effe&ed  by  diflolving  it  in  boiling  water,  filtering,  and  fuffering  it  to  cryftallize 
by  cooling;  the  cryftals  are  again  boiled,  together  with  an  argillaceous  earth,  to 
deprive  them  of  their  impurities,  which  are  carefully  fcummed  off ; or  elfe  with 
whites  of  eggs,  which  anfwers  the  fame  purpofe.  When  no  more  fcum  arifes,  a fa- 
line  pellicle  is  formed  at  the  top  of  the  liquor,  at  the  fame  time  that  the  cryftalliza- 
tion  goes  forward  at  the  bottom.  This  fait,  after  the  earth  is  wafhed  off  with  cold 
water,  is  fold  under  the  name  of  cream,  and  cryftals  of  tartar.  The  cream  of  tar- 
tar confifts  of  the  minute  cryftals  which  are  formed  at  the  top  of  the  liquor,  and  the 
cryftals  of  tartar  are  formed  at  the  bottom. 

The  tafte  of  this  purified  fait  is  lefs  vinous  than  that  of  the  crude  tartar.  When  ex- 
pofed  to  heat  it  boils  up,  emits  an  empyreumatic  fmell,  and  becomes  black  and  coaly  : 
aftronger  heat,  in  an  open  fire,  entirely  diffipates  its  acid  part,  and  leaves  the  vegeta- 
ble alkali  in  a mild  ftate,  or  combined  with  fixed  air.  Its  volatile  produces,  by  a gra- 
dual fire,  are  water,  an  acid,  and  an  empyreumatic  oil,  which  is  followed  by  fome 
volatile  alkali,  and  a large  quantity  of  fixed  air.  Cryftals  of  tartar  are  foluble  in 
twenty-eight  parts  of  boiling  water  ; three  fourths  of  the  fait  are  depofited  in  cool- 
ing. If  the  folution  of  this  fait  be  left  expofed  to  the  air,  it  is  very  flowly  decorh- 
pofed  ; mucilage  is  depofited,  the  acid  difappears,  and  after  eighteen  months  the 
liquid  is  found  to  contain  the  vegetable  alkali,  amounting  to  nearly  one  fourth  of 
the  weight  of  the  tartar.  This  quantity  of  alkali  being  nearly  the  fame  as  is  afforded 
by  the  incineration  of  tartar,  is  a proof  that  the  vegetable  alkali  is  not  a produdt  of 
fire,  as  was  formerly  fuppofed. 

Cream  of  tartar  confifts  of  a peculiar  acid,  or  the  acid  of  tartar  united  with  a lefs- 
quantity  of  alkali  than  is  fufficient  to  faturate  it,  or  deprive  it  of  acid  properties. 
Saturation  being  diftinguifhed  by  the  mutual  counterpoife  or  moft  perfect  re-aftion 
of  the  properties  of  two  fubftances  which  enter  into  combination,  is  obferved  in 
general  to  take  place  when  the  proportions  of  the  principles  are  fuch  as  tend  moft 
ftrongly  to  form  a feparate  combination  in  the  folid  ftate.  The  cream  of  tartar  and 
a few  other  neutral  falts  afford  curious  exceptions  to  this  general  rule.  Of  the  acid 
and  the  alkali,  both  of  which  are  foluble  in  fmall  quantities  of  water,  and  therefore 
.not  eafily  feparable  from  that  fluid,  a compound  is  formed,  which  is  fo  fparingly 
foluble  as  to  require  more  than  eighty  times  its  weight  of  cold  water  to  fufpend  it. 
This  compound,  or  cream  of  tartar,  is  rendered  more  foluble  by  increafing  either  the 
acid  or  the  alkali  beyond  the  due  proportion  ; and  the  moft  remarkable  circum- 
ftance  is,  that  this  happens,  as  we  have  already  remarked,  not  at  the  point  of  fatura- 
tion,  but  at  that  in  which  the  acidfo  confiderably  abounds. 

if  to  twenty  ounces  of  purified  tartar,  difiblved  in  four  pounds  of  boiling  water, 
the  pure  cryftallized  mineral  alkali  be  added,  until  the  faturation  be  complete,  as 
may  be  judged  by  any  additional  quantity  producing  no  effervefcence,  the  alkali 
laft  added  will  combine  with  the  fuperfluous  acid  of  the  tartar,  and  form  the  neutral 
combination  called  the  fait  of  Seignette,  or  Rochelle  fait ; at  the  fame  time  that  the 
refidue  of  the  tartar  will  become  converted  into  foluble  tartar.  By  evaporating  the 
liquor  nearly  to  the  confiftence  of  fyrup,  the  Rochelle  fait  is  obtained  in  beautiful 
regular  prifms,  of  fix  or  eight  fides,  which  efflorefce  in  the  air,  and  are  decompofed 
by  heat  in  the  fame  manner  as  foluble  tartar. 

By  the  fame  treatment  with  volatile  alkali,  an  ammoniacal  tartareous  fait  is  formed, 
which  affords  cryftals  that  efflorefce  in  the  air. 

If  the" mineral  acids  be  added  to  tartar,  they  combine  with  its  alkali,  and  form  the 
fame  falts  as  they  would  have  produced  by  diredt  union  with  the  vegetable 
alkali. 
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Tartar  has  long  been  an  objedt  of  attention  with  chemifts,  and  it  is  tifed  as  an 
acid  in  many  of  the  arts.  This  fait  appears  to  be  capable  of  uniting  without  de- 
compofition,  and  forming  triple  falts  with  moft  of  the  metals. 

The  pure  acid  of  tartar  may  be  obtained  by  faturating  three  parts  of  cream  of 
tartar  with  chalk  or  lime  ; the  former  of  which  combines  with  the  Superfluous  acid, 
and  the  latter  feizes  the  whole.  The  calcareous  tartar,  which  on  account  of  its  inso- 
lubility remains  at  the  bottom,  is  then  to  be  well  walhed,  and  digefted  with  about 
one  part  of  vitriolic  acid,  together  with  a Sufficient  quantity  of  water.  In  this  man- 
ner the  acid  of  tartar  is  difengaged.  The  felenite,  formed  by  the  combination  of  the 
vitriolic  acid  and  the  lime,  will  be  Separated  and  fall  down  by  evaporating  the  water  ; 
and  the  acid  which  remains  may  be  cryftallized  by  further  evaporation  and 
cooling. 

Or,  more  Simply,  one  pound  of  cream  of  tartar  may  be  boiled  in  five  or  fix 
pounds  of  water,  and  a quarter  of  abound  of  clear  and  colourlefs  denfe  vitriolic 
acid  may  be  added  by  little  and  little.  When  a complete  Solution  is  obtained,  the 
fluid  will  then  contain  difengaged  acid  of  tartar,  together  with  vitriolated  tartar,  or 
the  neutral  fait,  formed  by  the  union  of  the  vitriolic  acid  with  the  vegetable  alkali. 
The  vitriolated  tartar,  being  a fait  of  Sparing  Solubility,  will  be  precipitated  by  con- 
tinuing the  boiling.  When  the  liquor  is  evaporated  to  one  half,  it  is  to  be  filtered  ; 
and  if,  upon  further  evaporation,  any  thing  more  is  precipitated,  it  muft  be  filtered 
again.  The  clear  liquor  being  then  reduced  to  the  confiftenceof  a Syrup,  and  Set  afide 
in  a temperate  or  rather  warm  place,  will  afford  fine  cryftals  of  tartareous  acid,  equal 
in  weight  to  half  the  cream  of  tartar  employed.  If  too  Small  a quantity  of  vitriolic 
acid  has  been  ufed,  part  of  the  cream  of  tartar  will  not  be  detompofed,  but  will 
Separate  from  the  liquor  along  with  the  vitriolated  tartar.  It  is  better  therefore  to 
ufe  too  little,  rather  than  too  much. 

The  cryllallized  tartareous  acid  melts,  fumes,  becomes  black,  and  burns,  by  the 
contaft  of  ignited  bodies.  By  diftillation  it  affords  an  acid  phlegm,  a Small  quan- 
tity of  oil,  and  much  fixed  air,  together  with  inflammable  air,  leaving  behind  a coaly 
refidue,  which  contains  neither  acid  nor  alkali. 

The  cryftals  of  tartareous  acid  do  not  change  by  expofure  to  air;  they  are  much 
more  Soluble  in  water  than  cream  of  tartar  itfelf.  This  acid  diflolves  clay,  and 
forms  a Salt  which,  by  evaporation,  affumes  a clear  gummy  confidence,  and  does  not 
deliquefee  in  the  air.  The  fame  appearance  is  exhibited  with  magnefia  : with  lime 
it  forms  a Salt  which  is  Scarcely  at  all  Soluble;  a due  proportion  of  vegetable  alkali 
converts  tartareous  acid  into  cream  of  tartar,  which  falls  down  if  the  water  of  lolution 
be  not  Sufficiently  abundant,  but  is  diffolved  again  if  more  alkali  be  added.  So  as  to 
convert  it  into  Soluble  tartar.  Thefe  Synthetical  operations  {hew  that  the  tartareous 
acid  is  not  altered  by  the  procefs  of  extracting  it  from  cream  of  tartar. 

With  mineral  alkali  it  forms  the  Rochelle  Salt,  and  with  volatile  alkali  it  forms  a 
cryftallizable  Salt.  In  this  laft  combination,  which  has  a neutral  cooling  tafte  refem- 
bling  that  of  nitre,  there  is  a term  at  which  cryftals  of  Sparing  Solubility,  like  thofe  of 
cream  of  tartar,  are  formed  ; for  which  reafon  it  is  neceiSary,  in  preparing  the  neutral 
Salt,  to  add  a Sufficient  quantity  of  alkali  at  once  to  Saturate  the  acid,  becauSe  in  this 
caSe  of  infoluble  cryftals  likewife,  the  proportion  of  acid  is  considerably  more  than 
•is  required  for  the  due  Saturation. 

Gold,  in  the  metallic  ftate,  is  not  atted  upon  by  the  tartareous  acid,  though  it  unites 
with  the  precipitate  afforded  by  adding  an  alkali  to  a Solution  of  that  metal.  Platina 
likewife  is  Said  to  be  Soluble  in  cream  of  tartar  after  it  has  been  precipitated  by 
alkali,  though  not  in  its  metallic  ftate.  The  precipitate  of  Silver,  from  nitrous  acid 
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by  an  alkali,  unites  with  the  tartareous  acid  into  a faline  mafs,  which  turns  black  by 
expofureto  light,  and  from  which  the  filver  maybe  feparated,  in  its  metallic  ftate,  by 
quickfilver,  as  well  as  by  other  metals.  Mercury  is  changed  into  a kind  of  ethiops 
or  black  powder  by  the  tartareous  acid  ; which  alfo  ads  upon  mercurial  calces,  and 
converts  them  into  yellow  powders.  A folution  of  tartareous  acid  being  added  to  the 
nitrous  folution  of  mercury,  a precipitate  of  tartarized  mercury  falls  down  : but  this 

acid  does  not  caufe  any  precipitate  in  a folution  of  corrofive  fublimate,  unlefs  an  al- 
kali be  at  the  fame  time  added  to  engage  the  marine  acid.  Copper,  in  its  metallic 
ftate,  is  fcarcely  attacked  by  the  acid  of  tartar  ; but  the  calces  of  this  metal  are  con- 
•fiderably  aded  upon.  It  precipitates  folutions  of  copper  in  the  vitriolic  and  marine 
acids,  the  tartareous  acid  uniting  with  the  calx  of  the  metal  in  the  form  of  blue 
cryftals.  This  blue  fait  forms  the  better  kind  of  the  pigment  called  Brunfwick 
green.  Lead  is  precipitated  by  the  acid  of  tartar  from  its  folution -in  the  nitrous,  ma- 
rine, or  acetous  acids.  The  precipitate,  which  is  a tartarized  lead,  is  foluble  in  ni- 
trous acid,  and  decompofable  by  the  vitriolic.  It  is  difficultly  foluble  in  water ; 
whereas  the  fait  formed  by  uniting  calx  of  lead  with  cream  of  tartar  is  faid  to  be  eafily 
foluble.  The  acid  of  tartar  deprives  minium  of  its  colour.  Iron  is  attacked  by  this 
acid  with  a flow  effervefcence,  during  which  the  metal  is  precipitated  in  the  form  of 
a granulated  grey  powder ; and  when  a folution  of  this  metal  in  water  is  mixed 
with  a folution  of  martial  vitriol,  and  the  mixture  evaporated  to  half  its  quantity, 
fcaly  cryftals  of  a ferruginous  tafte  will  be  formed.  Tartareous  acid  has  no  adlion 
upon  tin,  and  its  aftion  upon  the  calces  of  tin  has  not  yet  been  afcertained.  Tartar 
itfelf  is  known  to  poffefs  fome  diflolving  power  on  tin,  and  is  capable  of  uniting 
with  its  calx  into  a cryftallizable  and  foluble  fait.  When  this  acid  is  added  to  the 
nitrous  folution  of  bifmuth,  a tartarized  bifmuth  foon  appears  in  the  form  of  cryftal- 
line  grains.  The  adtion  of  the  acid  of  tartar  in  its  pure  ftate  upon  nickel,  arfenic,  and 
regulus  of  cobalt,  has  not  yet  been  afcertained.  It  diflolves  zinc  with  great  facility, 
and  affords  a difficultly  foluble  fait ; whereas  the  tartar  itfelf  forms  a foluble  and 
even  deliquefcent  fait.  Regulus  of  antimony  fuffers  no  change  from  the  adtion  of 
this  acid,  but  it  combines  \yith  the  calces  f. 

The  acid  of  tartar  is  convertible  intcrthe  faccharine  acid,  by  diftillation  with  ftrong 
nitrous  acid.  Digeftion  with  water  and  ardent  fpirit  converts  it  into  vinegar. 

ACID  OF  TIN.  This  metal  is  converted  into  an  acid  by  treatment  with  the 
acid  of  nitre.  See  Tin. 

ACID  OF  TUNGSTEN,  or  Wolfram.  The  mineral  called  tungften,  or 
heavy  ftone,  was  firft  analyzed  by  Scheele  and  Bergman,  and  afterwards  more  com- 
pletely examined  by  Meffrs.  De  Luyarts.  As  the  tungften  confifts  of  a metallic 
acid  united  with  lime,  neither  of  which  fubftances  are  foluble  in  one  and  the  fame 
menftruum  in  any  conftderable  quantity,  the  analyfis  of  this  ftone  in  the  humid  way 
has'  been  a matter  of  conftderable  difficulty : for  when’  an  acid  is  added  to  diffolve 
the  lime,  it  unites  with  fuch  particles  as  lie  near  the  furface  of  the  tungften,  and  can- 
not afterwards  proceed  in  its  atftion,  becaufe  its  further  progrefs  is  prevented  by  the 
acid  of  tungften  which  envelopes  the  remaining  lime  that  occupies  the  interior  part 
of  the  ftone.  And  again,  when  an  alkali  is  added  to  diffolve  the  acid  of  tungften,  its 
atftion  is  likewife  merely  fuperficial,  becaufe  it  meets  with  a fimilar  impediment  from 
particles  of  lime  which  defend  the  acid  in  the  interior  parts  of  the  ftone  from  its  pro- 
greffive  aftion. 

The  ingenious  chemifts,  who  have  bufted  themfelves  in  this  examination,  could 
* Kier’s  Di&ionary,  page  173, 
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recur  therefore  to  no  other  humid  procefs  than  that  of  boiling,  firft  an 
acid,  and  afterwards  an  alkali,  upon  the  pulverized  {lone,  and  repeating  thefe  pro- 
ceffes  alternately  until  the  whole  was  diffolved.  The  tungften  is  not  altered  by  the 
adtion  of  boiling  water.  Two  parts  of  concentrated  vitriolic  acid  being  diddled 
from  one  part  of  finely  powdered  tungften,  the  acid  came  over  unchanged,  and  the 
refiduum,  which  was  of  a bluifh  colour,  afforded  fome  felenite  by  boiling  in  diddled 
water.  Three  parts  of  nitrous  acid  being  poured  on  one  part  of  finely  powdered 
tungden  produced  no  effervefcence ; but,  upon  the  mixture  being  put  into  drong 
digedion,  the  powder  foon  afiumed  a lemon  colour.  The  acid  was  then  decanted  off, 
and  the  yellow  powder,  after  edulcoration,  was  heated  with  two  parts  of  cauftic  vola- 
tile alkali,  which  foon  deftroyed  the  yellow  colour  of  the  powder,  and  rendered  it 
white.  This  mendruum  was  likewife  decanted  off,  and  the  powder  again  edulco- 
rated. In  this  manner  Scheele  proceeded,  by  digedlng  the  fame  portion  of  tungden, 
firft  in  the  nitrous  acid,  and  then  in  the  volatile  alkali,  till  at  length  the  greateft  part 
was  diffolved.  The  remainder  was  little  more  than  a thirtieth  of  the  whole,  and 
feemed  to  be  filiceous.  Marine  acid  produces  the  fame  effedt  upon  tungften,  but  the 
done  becomes  more  ftrongly  yellow. 

v All  the  acid  folutions  being  mixed  together,  afforded  a fmall  portion  of  iron  when 
the  Pruffian  alkali  was  added.  Volatile  alkali  afforded  no  precipitate;  but,  upon  the 
addition  of  mild  vegetable  alkali,  a mild  calcareous  earth  fell  down,  which  weighed 
a little  more  than  half  the  weight  of  the  tungften.  The  folutions  made  by  the  vola- 
tile alkali  were  alfo  mixed  together,  and  nitrous  acid  was  gradually  added.  A pre- 
cipitate fell  down  of  a white  colour,  which  was  wafhed  with  cold  water  and  dried. 
This  precipitate  proved  to  be  of  an  acid  nature,  having  a four  tafte,  affording  a red 
colour  to  tin  dure  of  litmus,  and  being  foluble  in  near  twenty  parts  of  boiling 
water. 

The  produdls  afforded  by  tungften  in  this  way,  confifting  of  calcareous  earth  and 
the  white  acid  powder,  it  was  natural  to  infer  that  thefe  were  the  component  parts 
of  the  ftone  ; and  it  remained  only  to  confirm  this  operation  by  fynthetically  pro- 
ducing tungften  from  the  union  of  its  principles.  One  part  of  the  acid  folution  was 
therefore  added  to  fix  parts  of  clear  lime-water,  which  immediately  became  a little 
turbid ; but  as,  after  an  interval  of  fome  hours,  nothing  had  funk  to  the  bottom,  the 
mixture  was  made  to  boil,  and  immediately  afforded  an  heavy  white  powder,  which 
had  the  fame  habitudes  with  the  vitriolic  and  nitrous  acids,  and  with  the  blow-pipe, 
as  the  tungften  itfelf,  and  confequently  was  that  fubftance. 

Fire  does  not  produce  any  perceptible  change  in  tungften,  nor  does  the  glafs  of 
borax  produce  any  fenfible  effedt  upon  it,  according  to  the  experiments  of  Scheele, 
which  perhaps  were  made  in  a crucible.  Bergman  found  that  it  decrepitated  before 
the  blow- pipe,  but  did  not  melt,  and  was  foluble  in  borax  without  effervefcence,  and 
almoft  without  colour,  except  when  the  globule  was  overloaded  with  tungften,  in  which 
cafe  it  becomes  brown  or  white  in  cooling,  and  lofes  its  tranfparency.  Microcofmic 
fait  forms  with  tungften  a glafs  of  a fea-green  or  pure  blue  colour.  The  green 
colour,  as  obferved  by  Scheele,  difappears  by  the  addition  of  nitre,  but  returns 
when  the  blue  part  of  the  flame  is  driven  on  the  globule ; a circumftance  which 
fhews  that  the  colour  difappears  by  a more  perfedt  calcination  of  the  metallic  acid  of 
the  tungften,  and  is  reftored  by  a degree  of  redudtion  in  the  interior  part  of  the 
flame,  as  is  likewife  obferved  with  manganefe  ; Jee  Manganese.  For  the  dry  ana- 
lyfis  of  tungften,  one  part  of  the  ftone,  rubbed  to  a fine  powder  in  a glafs  mortar, 
was  mixed  with  four  parts  of  alkali  of  tartar,  and  placed  in  the  fire  in  an  iron  cru- 
cible. The  mixture,  when  melted,  was  poured  out  upon  an  iron  plate,  and  diflblved 
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in  twelve  parts  of  boiling  water.  After  {landing  fome  hours,  this  lixivium  was  de- 
canted oft'  from  a portion  of  white  powder  which  had  fubfided  to  the  bottom-. 
Acid  of  nitre  diflolved  a great  part  of  this  powder  previoufty  edulcorated.  The 
undiflolved  part,  or  tungften  which  had  efcaped  the  adtion  of  the  alkali  during 
the  fufion,  being  again  dried,  mixed  with  four  parts  of  alkali  of  tartar,  and  brought 
into  fufion  as  before,  left  a powder  undiflolved  upon  the  addition  of  water,  the  whole 
of  which  was  foluble  in  nitrous  acid,  excepting  a very  fmall  portion  of  a grey  powder. 
In  this  way  the  component  parts  of  the  tungften  afforded  an  alkaline  and  an  acid 
folution.  To  the  alkaline  folution  nitrous  acid  was  added  to  faturation,  upon  which 
a white  powder  fell  down,  which  having  the  property  of  regenerating  tungften  by  the 
addition  of  lime,  was  concluded  to  be  the  acid  of  tungften  : and  the  nitrous  acid 
folution  being  likewife  neutralized  by  adding  the  mild  vegetable  alkali,  afforded  a 
white  precipitate,  which  was  dried,  and  proved  to  be  mild  calcareous  earth.  Hence 
it  follows  that  the  dry  analyfis  afforded  the  fame  products  as  that  in  the  humid 
way. 

To  the  experiments  of  Scheele,  which  had  likewife  been  made  by  Bergman,  others 
were  added  in  confirmation  by  this  laft  chemift,  who  fufpe&ed  the  acid  to  be  of  a 
metallic  nature,  forreafons  which,  though  they  do  honour  to  his  fagacity,  need  not 
be  here  recited,  becaufe  his  fufpicions  have  been  fince  eftablilhed  by  the  more  per- 
fect analyfis  of  his  pupils,  the  Meflrs.  Luyarts.  Thefe  gentlemen  undertook  to  ex- 
amine the  mineral  called  wolfram,  concerning  which  we  before  poflefled  little  more 
than  conjedlures.  The  wolfram  they  examined  is  of  a brownifh  black  colour, 
found  in  l'cattered  mafles,  cryftallized  into  fix-fided  flat  prifms,  terminating  in  four- 
fided  oblique  pyramids.  In  its  fra&ure  it  fhines  with  a luftre  almoft  metallic.  Its 
texture  is  irregularly  laminated,  and  very  feldom  ftriated.  It  is  always  opake,  yields 
a dark  reddilh  grey  powder  whenfcraped,  is  foft,  and  has  a fpecific  gravity  of  6.835. 
This  wolfram  was  obtained  from  the  tin  mines  of  Zinnwald,  on  the  frontiers  of  Saxony 
and  Bohemia. 

The  blow-pipe  has  no  other  effedt  upon  it  than  merely  to  round  its  angles.  Mi- 
crocofmic  fait  unites  with  it  with  effervelcence,  and  forms  a glafs  of  a-  pale  red  in  the 
exterior  flame,  and  much  darker  in  the  interior.  With  borax  it  likewife  effervefces, 
and  forms  in  the  interior  flame  a glafs  of  a greenifh  yellow,  which  in  the  exterior 
flame  turns  reddifli.  The  wolfram,  kept  for  an  hour  in  a crucible  ftrongly  heated, 
became  femi-vitrified,  fpungy,  of  a brownifh  colour,  and  yielded  to  the  magnet. 
Equal  parts  of  nitre  and  wolfram  detonated  weakly  in  a red  hot  crucible,  and  emitted 
nitrous  vapours.  The  combination  being  afterwards  mixed  with  water,  diflblved  in 
part,  and  the  clean  folution  afforded  a white  precipitate  upon  the  addition  of  a few 
drops  of  acid.  This  precipitate  was  the  fame  fubftance  as  the  tungften  acid  of 
Scheele  obtained  in  the  dry  way. 

Two  parts  of  pulverized  wolfram  melted  without  difficulty  with  four  of  vege- 
table alkali ; about  one  third  of  the  wolfram  was  not  diflblved  by  the  alkali,  and 
this  third  part  proved  to  be  iron  and  manganefe.  The  reft  was  diflblved  in  water, 
and,  upon  the  gradual  addition  of  nitrous  acid,  afforded  a white  precipitate,  of  the 
fame  nature  as  the  acid  fubftance  obtained,  in  the  dry  way,  from  tungften  by  Scheele 
and  Bergman. 

This  white  faline  fubftance,  which  thofe  chemifts  inferred  to  be  a fimple  acid, 
was  proved  by  the  Meflrs.  Luyarts  to  be  a compound,  confifting  of  the  calx  or  true 
acid  of  vv  olfrarn  combined  with  a portion  both  of  the  alkali  and  of  the  precipitating 
acid.  Its  general  properties  they  found  to  be  as  follow  : 

With  the  blow-pipe  it  melts  alone ; and,  when  put  to  calcine  in  a little  pot  or  teft, 
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it  emits  a fmell  of  nitrons  acid,  and  turns  yellow ; but,  on  cooling,  it  remains  white, 
inflpid,  and  infoluble.  This  refiduum  alfo  melts  in  the  blow-pipe.  When  either 
vitriolic,  nitrous,  or  marine  acid,  is  poured  on  this  fait,  they  produce  a yellow  co- 
lour, and  in  the  filtrated  folution  is  found  a neutral  fait  with  bafe  of  fixed  alkali 
correfponding  with  the  acid  employed.  If  this  operation  be  performed  with  vitriolic 
acid  in  a retort,  a portion  of  nitrous  acid  paffes  into  the  receiver,  while  the  vitriolic 
acid  forms  vitriolated  tartar.  Whence  it  is  clearly  proved  that  the  compound  itfelf 
contains  nitrous  acid  and  vegetable  alkali. 

When  regenerated  tungften  was  formed  by  adding  lime-water  to  this  white  mat- 
ter, the  acid  and  alkali  were  found  in  the  fupernatant  fluid. 

Meflrs.  Luyarts  analyzed  wolfram  likewife,  in  the  humid  way,  by  repeated  alter- 
nate ebullitions  of  the  powder  with  marine  acid,  edulcoration  with  water,  and  affu- 
fions  of  cauftic  volatile  alkali.  In  this  way  the  whole  of  the  wolfram  was  at  laft 
diffolved,  except  about  one  fiftieth  part,  which  was  partly  quartz,  and  partly  feemed 
to  be  calx  of  tin.  The  acid  folutions  being  examined,  were  found  to  contain  iron 
and  manganefe,  equal  to  fomewhat  more  than  one  third  of  the  whole  ; and  the 
alkaline  folutions,  by  evaporation,  afforded  the  yellow  calx  of  tungften.  They  found 
likewife,  by  examining  the  precipitate  of  Scheele,  from  the  volatile  alkaline  folution, 
by  the  addition  of  nitrous  acid,  that  it  contained  volatile  alkali  and  nitrous  acid,  as 
well  as  the  yellow  calx,  inftead  of  being  a pure  acid,  as  that  chemift  had  concluded  : 
for  when  tungften  is  produced  by  the  addition  of  lime-water  to  this  precipitate,  a 
fmell  of  volatile  alkali  is  emitted,  and  the  fupernatant  fluid  contains  calcareous 
nitre. 

The  fubftance  which  therefore  unifes  with  lime  in  forming  tungften,  and  with 
manganefe  and  iron  in  wolfram,  is  the  yellow  calx  or  acid  which  the  Meflrs.  De 
Luyarts  obtained  from  the  alkaline  folution,  in  the  dry  way,  by  precipitation  with 
nitrous  acid  ; repeated  ebullition  of  nitrous  acid  on  the  precipitate  to  deprive  it  of 
all  alkali ; and  laftly,  calcination  to  expel  the  adhering  nitrous  acid  : and,  in  the 
humid  way,  they  obtained  it  by  adding  nitrous  acid  to  the  volatile  alkaline  folution, 
and  afterwards  depriving  the  precipitate  of  its  adhering  acid  and  volatile  alkali,  by 
calcining  it  likewife  under  a muffle.  This  is  the  true  acid  of  wolfram,  if  indeed  it 
may  be  termed  an  acid. 

It  pofl'efies  the  following  properties : 1.  It  is  entirely  infipid,  and  has  a fpecific 

gravity  of  6.12.  2.  Before  the  blow-pipe  it  continues  yellow  in  the  exterior  flame, 

although  it  be  placed  on  charcoal ; but  in  the  interior  flame  it  grows  black  and 
fwells,  but  does  not  melt.  It  may  be  here  obferved,  that  the  heating  by  the  exte- 
rior flame  may  be  confidered  as  equivalent  to  an  operation  with  accefs  of  air  ; and 
the  heating  by  the  interior  flame  anfwers  to  the  heating  in  a clofed  veflel,  becaufe 
the  furrounding  flame  prevents  the  accefs  of  air.  Upon  charcoal,  therefore,  the  for- 
mer calcines,  while  the  latter  reduces  metallic  bodies.  3.  With  microcofmic  fait  it 
unites  with  effervefcence,  and  forms  in  the  interior  flame  a tranfparent  glafsof  a blue 
colour,  more  or  lefs  intenfe  according  to  the  proportion,  but  without  any  mixture 
of  red.  In  the  exterior  flame  the  colour  vanifhes  entirely,  but  returns  again  in  the 
interior.  Thefe  effefts  doubtlefs  arifefrom  the  greater  degree  of  calcination  which 
the  yellow  matter  fuffers  in  the  exterior  flame,  and  of  reduction  in  the  interior  flame. 
They  cannot,  however,  be  very  often  repeated,  becaufe,  as  MelTfs.  De  Luyarts  ob- 
ferve,  the  alkali  of  the  allies  of  the  charcoal  combines  with  the  glafs,  and  totally  de- 
ftroys  the  colour,  as  is  proved  by  the  addition  of  a fmall  particle  of  alkali  to  the 
coloured  glals  in  fufion.  4.  With  borax  it  forms  a brownith  yellow  tranfparent  glafs, 
which  keeps  its  colour  in  both  flames.  5.  This  acid  or  yellow  matter  does  not  dillolve 
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In  water,  but  by  trituration  it  forms  an  emulfion  which  paffes  through  filters  with- 
out becoming  clear,  and  does  not  become  entirely  fo  in  the  courfe  of  three  months. 
6.  The  vitriolic,  nitrous,  and  marine  acids,  have  no  a&ion  upon  it,  and  do  not  form 
any  emulfion  with  it  by  trituration.  The  acetous  acid  gives  it  a blue  colour  without 
diffolving  it.  7.  Cauftic  vegetable  alkali  completely  diffolves  it,  both  in  the  humid 
and  dry  way  ; but  the  produce  always  has  an  excefs  of  alkali.  When  a fejw^drops 
of  nitrous  acid  are  added  to  the  alkaline  folution,  a white  precipitate  is  mftantly 
formed,  which  is  re-difl'olved  by  agitation  as  long  as  the  alkali  continues  in  excefs, 
the  liquor  becoming  more  and  more  bitter ; and  when  more  acid  is  poured  on  than 
is  neceffary  to  faturate  the  excefs,  the  precipitate  which  is  formed  is  not  re-diffolved. 
This  white  fait  contains  the  yellow  matter  in  combination  with  nitrous  acid  and  ve- 
getable alkali,  and  is  in  fa<ft  the  fubftance  which  Scheele  obtained  from  tungften  by 
fufion  with  vegetable  alkali,  and  precipitation  by  nitrous  acid,  and  diftinguifhed  by 
the  name  of  acid  of  tungften.  8.  Volatile  alkali  likewife  diflblves  the  yellow  mat- 
ter completely,  but  always  with  an  excefs  of  alkali.  This  folution  affords  cryftals  by 
evaporation,  lofes  its  alkali  partly  by  boiling,  and  completely  by  calcination  ; affords 
a white  precipitate  by  the  addition  of  nitrous  acid,  which  is  perfectly  fimilar  to  the 
tungften  acid  of  Scheele,  when  obtained  by  the  medium  of  volatile  alkali,  and  is 
completely  decompofed  by  heat.  9.  And  laftly,  this  yellow  matter  may  be  revived 
into  a metal  by  a ftrong  heat  with  charcoal,  in  a covered  crucible,  and  gains  weight 
by  calcination  like  other  metallic  bodies.  See  Wolfram. 

The  yellow  colour,  produced  by  the  adlion  of  nitrous  or  marine  acid,  affords  an 
eafy  teft  of  the  prefence  of  the  wolfram  calx  or  acid  in  minerals. 

ACIDS,  VEGETABLE.  See  Vegetable  Kingdom. 

ACID,  VITRIOLIC,  or  Oil  of  Vitriol  of  Commerce.  When  fulphur 
is  heated  in  an  open  veffel,  it  melts,  and  foon  afterwards  emits  a bluifh  flame,  vifi- 
ble  in  the  dark,  but  which,  in  open  day  light,  has  the  appearance  of  a white  fume. 
This  flame  has  a fuffocating  fmell,  and  has  fo  little  heat  that  it  will  not  fet  fire  to  flax, 
and  may  even  be  fuffered  to  play  againft  the  palm  of  the  hand  without  any  confide- 
rable  inconvenience.  In  this  way  the  fulphur  may  be  entirely  confumed.  If  the 
heat  be  ftill  augmented,  the  fulphur  boils,  and  fuddenly  burfts  into  a much  more 
luminous  flame,  the  fame  fuffocating  vapour  ftill  continuing  to  be  emitted. 

The  fuffocating  vapour  of  fulphur  is  imbibed  by  water,  with  which  it  forms  the 
fluid  called  volatile  vitriolic  acid.  If  this  fluid  be  expofed  for  a time  to  the  air,  it 
lofes  the  fulphureous  fmell  it  had  at  firft,  and  the  acid  becomes  more  fixed.  It  is 
then  the  fluid  which  was  formerly  called  the  fpirit  of  vitriol.  Much  of  the  water 
may  be  driven  off  by  heat,  and  the  denfe  acid  which  remains  is  the  vitriolic  acid, 
commonly  called  oil  of  vitriol ; a name  which  was  probably  given  to  it  from  the 
little  noife  it  makes  when  poured  out,  and  the  un&uous  feel  it  has  when  rubbed  be- 
tween the  fingers,  produced  by  its  corroding  and  deftroying  the  lkin,  with  which  it 
forms  a foapy  compound. 

The  ftone  or  mineral  called  martial- pyrites,  which  confifts  for  the  moft  part  of 
fulphur  and  iron,  is  found  to  be  converted  into  the  fait  called  vitriol  of  iron,  by 
expofure  to  air  and  moifture.  In  this  natural  procefs  the  pyrites  breaks  and  falls  in 
pieces ; and  if  the  change  takes  place  rapidly,  a confiderable  increafe  of  temperature 
follows,  which  is  fometimes  fufficient  to  fet  the  mafs  on  fire.  By  condu&ing  this 
operation  in  an  accurate  way,  it  is  found  that  vital  air  is  abforbed.  The  vitriol  is 
obtained  by  folution  in  water,  and  fubfequent  evaporation  ; by  which  the  cryftals  of 
the  fait  are  feparated  from  the  earthy  impurities  which  were  not  fufpended  in  the 
water. 
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The  vitriolic  acid  was  formerly  obtained  in  this  country  by  diftillation  fronv.vi- 
triol  of  iron,  as  it  ftill  is  in  many  parts  abroad.  The  common  green  vitriol  is  made 
nfe  of  for  this  purpofe,  as  it  is  to  be  met  with  at  alow  price,  and  the  acid  ismofteafdy  to 
be  extraffed  from  it.  With  refpeft  to  the  operation  itfelf,  the  following  particulars 
fhould  be  attended  to  : Fil'd,  the  vitriol  muft  be  calcined  in  an  iron  or  earthen  vef- 
fel,  till  it  appears  of  a yellowifh  red  colour  ; by  this  operation  it  will  lofe  half  its 
weight.  This  is  done  in  order  to  deprive  it  of  the  greateft  part  of  the  water  which 
it  has  attracted  into  its  cryftals  during  the  cryftallization,  and  which  would  otherwife 
in  the  enfuing  diftillation  greatly  weaken  the  acid.  As  foon  as  the  calcination  is 
finifhed,  the  vitriol  is  to  be  put  immediately,  while  it  is  warm,  into  a coated  earthen 
retort,  which  is  to  be  filled  two  thirds  with  it,  fo  that  the  ingredients  may  have  fuffi- 
cient  room  upon  being  diftended  by  the  heat,  and  thus  the  burfting  of  the  retort  be 
prevented.  It  will  be  mod  advifable  to  have  the  retort  immediately  enclofed  in 
brick-work  in  a reverberatory  furnace,  and  to  dop  up  the  neck  of  it  till  the  diftillation 
begins,  in  order  to  prevent  the  materials  from  attrafting  frefh  humidity  from  the  air. 
At  the  beginning  of  the  didillation  the  retort  mud  be  opened,  and  a moderate  fire  is 
to  be  applied  to  it,  in  order  to  expel  from  the  vitriol  all  that  part  of  the  phlegm  which 
does  not  tade  drongly  of  the  acid,  and  which  may  be  received  in  an  open  veflel 
placed  under  the  retort.  But  as  foon  as  there  appear  any  acid  drops,  a receiver  is 
to  be  added,  into  which  has  been  previoufly  poured  a quantity  of  the  acidulous  fluid 
which  has  come  over,  in  the  proportion  of  half  a pound  of  it  to  twelve  pounds  of  the 
calcined  vitriol,  when  the  receiver  is  to  be  fecured  with  a proper  luting.  The  fire  is 
now  to  be  raifed  by' little  and  little  to  the  mod  intenfe  degree  of  heat,  and  the  re- 
ceiver carefully  covered  with  wet  cloths,  and  (in  winter  time)  with  fnow  or  ice,  as 
the  acid  rifes  in  the  form  of  a thick  white  vapour,  which  towards  the  end  of  the  ope- 
ration becomes  hot,  and  heats  the  receiver  to  a great  degree.  The  fire  mud  be  con- 
tinued at  this  high  pitch  for  feveral  days,  till  no  vapour  iflues  from  the  retort, 
nor  any  drops  are  feen  trickling  down  its  fides.  In  the  cafe  of  a great  quantity  of 
vitriol  being  diddled,  M.  Bernhard  has  obferved  it  to  continue  emitting  vapours  in 
this  manner  for  the  fpace  of  ten  days.  When  the  veflels  are  quite  cold,  the  receiver 
.mud  be  opened  carefully,  fo  that  none  of  the  luting  may  fall  into  it.  After  which 
the  fluid  contained  in  it  is  to  be  poured  into  a bottle,  and  the  air  carefully  excluded. 
The  fluid  that  is  thus  obtained,  is  the  ordinary  oil  of  vitriol,  of  which  Bernhard  got 
fixty-four  pounds  from  fix  hundred  weight  of  vitriol ; and  on  the  other  hand,  when 
no  water  had  been  previoufly  poured  into  the  receiver,  fifty-two  pounds  only  of  a 
dry  concrete  acid. 

The  vitriolic  acid  made  in  thefe  kingdoms  is  produced  by  the  combuflion  of 
•fulphur.  There  are  three  conditions  requifite  in  this  operation.  Vital  air  muft  be 
prefent,  to  maintain  the  combuftion  j the  veflel  muft  be  clofe,  to  prevent  the  efcape 
of  the  volatile  matter  which  rifes ; and  water  muft  be  prefent  to  imbibe  it.  For  thefe 
purpofes,  a mixture  of  eight  parts  of  fulphur  with  one  of  nitre  is  placed  in  a proper 
veflel,  enclofed  within  a chamber  of  confiderable  fize,  lined  on  all  fides  with  lead,  and 
covered  at  bottom  with  a fhallow  ftratum  of  water.  The  mixture  being  fet  on  fire, 
and  fhut  up,  will  burn  for  a confiderable  time,  by  virtue  of  the  fupply  of  vital 
air  which  nitre  gives  out  when  heated;  and  the  water  imbibing  the  fulphureous  va- 
pours, becomes  gradually  more  and  more  acid,  after  repeated  combuftions,  and  the 
acid  is  afterwards  concentrated  by  diftillation. 

The  vitriolic  acid  is  confiderably  denfer  than  any  other  acid  or  tranfparent  fluid, 
and  in  general  its  affinities  are  ftronger.  It  ftrongly  attracts  water,  which  it  takes 
from  the  atmofphere  very  rapidly,  and  in  large  quantities^  iffuffered  to  remain  in  an 
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open  veffel.  If  it  be  mixed  with  water  it  produces  an  inftantaneous  heat  equal  to 
that  of  ebullition. 

Pure  vitriolic  acid  is  colourlefs,  and  emits  no  fumes.  When  it  is  heated  it  becomes 
more  and  more  concentrated  by  the  lofs  of  a portion  of  water,  which  rifes  before  the 
acid  itfelf.  No  permanently  elaftic  fluid  or  air  is  obtained  from  the  vitriolic  acid  by 
mere  heat  in  the  common  method,  but  the  addition  of  any  combuftible  fubftance 
caufes  it  to  become  of  a dark  or  brown  colour,  more  efpecially  if  the  fubftance  be- 
either  an  animal  or  vegetable  product ; at  the  fame  time  that  vitriolic  acid  air  is 
emitted,  which  is  of  the  fame  nature  as  the  fumes  of  burning  fulphur.  For  the  pro- 
dudtion  of  this  air,  it  is  neceffary  that  but  a fmall  quantity  of  oil,  or  any  other 
very  copibuftible  fubftance,  fhould  be  added  at  a time  ; becaufe  otherwife  the  acid 
would  be  thrown  out  of  the  veffel  by  the  violence  of  the  ebullition.  The  moft  ele- 
gant method  of  procuring  vitriolic  air  confifts  in  boiling  a fmall  quantity  of  mercury 
in  the  concentrated  acid.  Several  of  the  other  metals  produce  the  fame  effed.  With 
iron  the  greateft  part  of  the  elaftic  product  confifts  of  vitriolic  air,  and  the  reft,  which 
is  about  one  fifth,  is  inflammable.  This  laft  produd  is  lefs  in  quantity,  the  more 
concentrated  the  acid.  Zinc  affords  vitriolic  air,  together  with  a quantity  of  inflam- 
mable air,  amounting  to  near  two  thirds  of  the  product.  The  whole  produce  w'ith 
copper  is  vitriolic  acid  air.  Silver  likewife  affords  this  elaftic  produd  alone.  Lead 
yields  but  a fmall  quantity  of  vitriolic  air,  which  has  nothing  inflammable  in  it. 
Neither  gold  nor  platina  afforded  any  air  ; the  acid  ading  upon  neither  of  them. 
The  gold  however  rendered  the  acid  of  a yellowifh  colour,  probably  in  confequence 
of  a minute  quantity  of  impurity  *. 

Vitriolic  acid  air  is  imbibed  by  water,  in  the  quantity  of  about  ninety  times  the 
bulk  of  the  water  ; and  it  is  remarkable  that  it  is  not  expelled  by  freezing,  like  all 
other  kinds  of  air.  The  ice  of  this  water  finks  to  the  bottom,  a circumftance  for 
which  Dr.  Prieftley  does  not  offer  to  account,  but  which  feems  to  explain  in  fome 
meafure  the  difficulty  attending  the  expanfion  of  common  water  by  freezing,  though 
the  general  operation  of  cold  diminifhes  the  bulks  of  bodies  : for  it  feems  rea- 
fonable  to  infer,  that  the  ice  of  water  would  in  all  other  cafes,  as  well  as  the  prefent, 
be  heavier  than  water  in  the  fluid  ftate,  if  it  were  not  for  its  aerial  contents,  which- 
aflume  the  elaftic  form. 

Vitriolic  acid  air  is  perfectly  tranfparent,  and,  when  confined  by  quickfilver,  its 
dimenfions  are  not  liable  to  any  variation,  excepting  by  heat  and  cold,  juft  like  com- 
mon air,  provided  there  be  no  moifture  in  the  receiving  veffel,  or  in  the  mercury.  It 
inftantly  extinguifhes  flame,  and  deftroys  animal  life.  According  to  Mr.  Kirwan's 
experiments,  it  is  more  than  twice  as  heavy  as  atmofpheric  air,  being  the  heavieft  of 
all  the  elaftic  fluids.  From  this  caufe  it  extinguilhes  a candle  for  many  times  fuc- 
ceflively,  by  dipping  the  fame  into  an  open  jar  in  which  it  has  flood  a full  hour  with 
its  mouth  expofed  to  the  common  air.  Cold,  or  a diminution  of  temperature,  does 
not  occafion  any  greater  diminution  of  its  bulk  than  common  air  is  fubjed  to  in  the 
fame  circumftances. 

When  vitriolic  acid  air  is  mixed  with  alkaline  air,  a beautiful  white  cloud  is  formed 
by  their  combination,  while  both  airs  gradually  affume  the  folid  ftate,.fo  that  the 
mercury  rifes  almoft  to  the  top  of  the  veffel.  The  white  cloud  muft  of  courfe  con- 
fift  of  the  fait  called  vitriolic  ammoniac.  If  the  acid  air  be  poured  to  the  alkaline 
air,  the  cloud  is  formed  at  the  bottomland  gradually  rifes  to  the  top;  but  if  the 
alkaline  air  be  poured  in  laft:  of  the  two,,  the  cloud  immediately  rifes  to  the  top. 

* Prieftley  on  Air,  1790,  ii.  304. 
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Thefe  confequences  naturally  refult  from  the  alkaline  air  being  the  lighted  of  the 

two. 

There  was  frequently  an  appearance  of  fulphur  produced  upon  the  mixture  of 
alkaline  air  with  vitriolic  acid  air;  for  the  infideof  the  tube  would  be  covered  with 
a perfedtly  yellow  matter  : but  this  colour  goes  off  in  time,  and  nothing  but  a white 
-faline  fubftance  remains.  No  remarkable  appearance  is  produced  upon  the  mixture 
of  vitriolic  acid  air  with  other  airs ; but  common  air  is  injured  by  {landing  in  con- 
tact with  this  elaftic  fluid.  It  is  mod  probable  that  the  vitriolic  acid  air  became 
converted  into  common  vitriolic  acid  by  attracting  vital  air  from  the  air  of  the  at- 
mofphere,  which  muft  confequently  have  been  left  in  a lefs  referable  date  than 
before. 

This  acid  air  was  not  found  by  Dr.  Priedley  to  be  capable  of  didodging  the 
-nitrous  or  marine  acids  from  any  of  their  bafes  which  he  tried  ; a circumdancc 
doubtlefs  depending  on  the  phlogiftication  or  want  of  vital  air  necelfary  to  convert 
it  into  vitriolic  acid.  Oils  imbibe  this  air  pretty  rapidly,  in  proportion  to  their  te- 
nuity, though  they  cannot  be  made  to  imbibe  fomuch  of  it  as  water  can. 

Equal  quantities  of  whale  oil,  olive  oil,  and  oil  of  turpentine,  being  fully  impreg- 
nated with  this  aerial  fluid,  the  olive  oil  was  rendered  quite  colourlefs  and  the 
whale  oil  became  reddilh,  after  having  imbibed  fix  or  eight  times  their  bulk  of  air. 
In  this  manner  they  continued  in  glafs  jars  confined  by  quickfilver  about  a month, 
when  the  oil  of  turpentine  was  becomdr  of  a beautiful  amber  colour,  the  olive  oil 
darker,  and  the  whale  oil  darker  dill.  Their  tenacity  was  not  apparently  increafed, 
but  their  fmell  was.  extremely  pungent  by  the  efcape  of  the  acid  air. 

Vitriolic  ether  imbibes  this  acid  air,  almod  as  readily  as  water  does ; but  its  pro- 
perties do  not  appear  to  be  changed.  Phofphorus  gave  no  light  in  this  air  ; but  the 
'upper  furface  of  it  turned  black,  and  the  furface  of  the  quickfilver  upon  which  it  lay 
had  a deep  yellow  or  blackidi  kind  of  feum  upon  it,  as  if  it  had  been  in  part  c]if- 
folved  by  the  acid.  Liver  of  fulphur  flowly  abforbed  a quantity  of  vitriolic  acid 
air,  without  fuffering  any  perceptible  change  in  its  properties.  Very  dry  charcoal 
abforbed  a quantity  of  vitriolic  acid  air,  without  producing  any  remarkable  eftedt 
either  in  the  remaining  air  or  upon  the  charcoal,  excepting  that  the  latter  had  ac- 
quired a pungent  fmell.  Vitriolic  acid  air  diflolved  camphor  pretty  well,  and  re- 
duced it  to  a tranfparent  liquor.  Water  being  admitted  to  it,  the  camphor  re-aflumed 
its  natural  folid  form,  but  feemed  to  have  acquired  acidity  of  tafte. 

When  the  eledtric  fpark  is  taken  in  this  acid  air,  the  infide  of  the  glafs  tube 
in  which  it  ^confined  is  covered  with  a blackilh  fubftance,  the  air  itfelf  being  dimi- 
nifiied.  In  this  experiment,  the  eledtric  explofion  is  much  more  effedtual  than  the 
fame  quantity  of  eledtricity  in  fparks.  The  black  matter  feems  to  be  produced  by  a 
portion  of  the  mercury  which  confines  the  vitriolic  acid  air,  and  is  partly  diftributed 
through  it,  or  diflolved  in  it.  It  is  probable  that  part  of  the  vitriolic  acid  com- 
bines with  the  mercury,  and  is  precipitated  with  it  in  the  form  of  globules  of  Inch 
extreme  minutenefs  as  to  appear  black.  In  what  manner  the  eledtric  lbock  ope- 
rates, whether  by  entering  into  the  combination,  or  by  altering  the  fpecific  heat  of 
the  compound,  or  Amply  by  the  concuffion  which  may  throw  the  particles  fuddenly 
within  the  fphere  of  attradtion,  cannot  be  well  explained  for  want  of  a fufficient 
number  of  fadts  *. 

Though  the  vitriolic  acid  does  not  emit  any  elaftic  fluid  by  the  ufual  procefs  of 
boiling  in  an  open  veflel,  yet  it  appears  to  fuffer  fome  change  in  its  component  parts 
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when  heated  in  a glafs  tube  hermetically  fealed  and  neatly  exhaufted.  After  the 
acid  had  been  thus  made  to  boil  for  fome  time,  a denfe  white  vapour  appeared  in  quick 
motion  at  a diftance  above  the  acid  ; and  though,  on  withdrawing  the  fire,  that  va- 
pour difappeared,  it  inftantly  re-appeared  on  renewing  the  heat.  When  the  tube 
was  cool,  it  was  opened  under  water,  and  a quantity  of  air  rufhed  put,  though  the 
acid  had  been  thus  made  to  boil  violently  while  it  was  clofing,  fo  that  there  could  not 
have  been  much  common  air  in  the  tube.  This  air  was  found  to  be  rather  better 
in  point  of  refpirability  than  common  air;  but  Dr.  Prieftley  does  not  appear  to 
have  examined  its  properties  in  other  refpeCts. 

A quantity  of  denfe  vitriolic  acid  being  boiled  in  a glafs  retort,  and  the  vapour 
paffed  through  a red  hot  earthen  tube  glazed  infide  and  out,  and  filled  with  pieces 
of  broken  tubes,  the  liquor  that  diftilled  over  was  found  to  be  the  fame  thing  with 
water  impregnated  with  vitriolic  acid  air.  The  oil  of  vitriol  ufed  in  this  procefs 
was  714  grains,  and  the  liquor  collected  was  154  grains.  At  another  time,  when 
762  grains  of  oil  of  vitriol,  of  the  fpecific  gravity  of  1856,  was  ufed,  the  quantity  of 
volatile  acid  was  462  grains,  of  the  fpecific  gravity  of  1340.  In  thefe  proceffes  a 
large  quantity  of  dephlogifticated  air  was  afforded  of  the  pureft  kind,  the  quantity 
in  the  laft  experiment  being  130  ounce  meafures  *. 

Inthefeexperiments  thevitriolic  acid  appears  to  have  been  decompofed,  and  con  verted 
into  volatile  vitriolic  acid  and  dephlogifticated  air,  which  is  generally  admitted  to 
be  the  principle  of  acidity.  As  fulphur  is  converted  into  vitriolic  air  by  combuftion, 
which  vitriolic  air  produces  the  volatile  or  fulphureous  acid  by  combination  with 
water,  and  this  likewife  becomes  converted  into  common  vitriolic  acid  by  expo- 
fure  to  the  air,  from  which  it  doubtlefs  attracts  the  vital  part,  as  we  have  already 
obferved  to  happen  when  vitriolic  and  common  air  are  confined  together ; fo,  by  a 
contrary  gradation,  it  appears  that  the  denfe  vitriolic  acid  being  ignited  by  the  con- 
tact of  red  hot  earthen  tubes,  lofes  a part  of  its  vital  air,  and  becomes  converted  into 
volatile  vitrielic  acid,  from  which  the  vitriolic  air  may  be  expelled  by  'heat,  and  in 
which  the  prefence  of  fulphur  may  be  exhibited  when  combined  with  alkaline  air* 
It  appears  therefore  that  vitriolic  air  has  the  fame  relation  to  vitriolic  acid,  as  ni- 
trous air  has  to  the  acid  of  nitre.  Both  are  capable  of  fuftaining  ignition  without 
being  decompofed,  and  are  therefore  feparable  by  that  procefs  from  the  larger  portion 
of  vital  air  which  they  are  capable  of  faturating  at  a lower  temperature.  Thus  ful- 
phur, ignited  or  burned,  in  contact  with  vital  air  attracts  no  more  than  produces  the 
compound  called  vitriolic  acid  air,  which  afterwards,  at  a lower  temperature,  when 
united  with  water,  becomes  vitriolic  acid,  by  attra&ing  a larger  portion  of  vital  air 
from  the  atmofphere  : and,  on  the  contrary,  vitriolic  acid  being  ignited  emits  the 
redundancy  of  vital  air,  and  becomes  converted  into  vitriolic  acid  air. 

Itmuft  be  admitted,  however,  that  we  are  far  from  clearly  underftanding  the  theory 
of  proceffes  of  this  nature,  in  which  combinations  and  decompofitions  are  apparently 
effected  by  mere  heat.  It  is  probable  that,  in  many  cafes,  we  do  not  fee  the  whole 
of  the  facts ; it  is  certain  that  our  imperfeCt  acquaintance  with  the  conftituent  parts 
offuch  apparently  fimple  principles  as  fulphur  and  vital  air  muft  greatly  diminifh  the 
accuracy  of  our  inferences ; and  to  this  we  may  add  that,  in  the  various  methods  of 
changing  the  temperature  of  bodies  in  the  folid,  fluid,  or  elaftic  forms,  there  may  be, 
and  really  do  exift,  differences,  efpecially  in  the  higher  temperatures,  which  we  either 
overlook,  or  cannot  eftimate  with  fufficient  facility  and  exaCtnefs  to  infer  all  the 
confequences  they  may  produce.  It  feems  to  arife  from  difficulties  of  this  kind  that 
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we  cannot  reconcile  the  following  decompofition  of  vitriolic  acid  air, when  long  heated 
with  water  in  perfedtly  clofed  veffels,  with  its  permanency  in  the  foregoing  ex- 
periments. 

Dr.  Prieftley  expofed  water,  impregnated  with  vitriolic  air,  enclofed  in  glafs  tubes 
hermetically  fealed,  to  a fand  heat  for  many  weeks.  In  three  weeks  the  water  had 
depofited  a quantity  of  black  powder,  and  a bit  of  matter  exactly  refembling  ful- 
phur.  The  procefs  being  continued  for  feveral  months,  cryltals  of  fulphur  were 
formed  in  the  glafs,  which  were  tried  by  burning.  Near  half  the  common  air  in  the 
tube,  above  the  liquor,  had  difappeared,  and  the  remainder  was  perfectly  noxious. 
Dr.  Prieftley  thinks  that  the  volatile  acid,  in  this  expanded  and  confined  ftate, 
uniting  with  the  dephlogifticated  air  in  the  tube,  firft  formed  vitriolic  acid,  and  that 
this  acid  uniting  with  the  phlogiflon  formed  the  fulphur. 

The  vitriolic  acid  forms  peculiar  and  well-known  compounds  with  earths,  alkalis, 
and  metals.  Siliceous  earth  does  not  appear  to  be  affedted  by  it.  With  argillaceous 
earth  it  forms  alum.  This  fait  has  an  auflere  or  aftringent  tafte ; is  foluble  in  about 
15  times  its  weight  of  water  at  the  temperature  of  6o°,  and  in  a much  lefs  quantity 
at  higher  temperatures,  from  which  it  is  feparated  in  permanent  or  flightly  efflorefcent 
cryftals.  It  is  fufible  in  a moderate  heat,  and  froths  up  till  its  water  of  cryftalliza- 
tion  is  diffipated  ; at  which  period  it  has  the  form  of  a white  friable  fubflance  called 
calcined  alum,  which  retains  the  greateft  part  of  its  acid  when  not  too  much  heated, 
and  may  be  again  reftored  to  its  original  form  by  again  adding  the  water  of  cryftal- 
lization  it  had  loft  by  the  heat. 

The  acid  in  alum  is  not  faturated.  If  a folution  of  alum  be  boiled  upon  clay,  a 
confiderable  portion  of  the  latter  will  unite  with  the  fait,  and  form  a combination 
which  is  much  lefs  foluble  than  the  alum  itfelf. 

With  calcareous  earth,  the  vitriolic  acid  forms  gypfum  or  plaifter  of  Paris;  This 
faline  fubftance  is  plentifully  found  in  nature,  and  is  known  by  different  names,  ac- 
cording to  its  texture  and  external  appearance.  See  Gypsum,  It  is  foluble  in 
about  five  hundred  times  its  weight  of  water  at  the  temperature  of  6o°,  and  has  for 
that  reafon  been  claffed  among  earths. 

With  ponderous  earth  it  forms  the  ponderous  fpar  or  marmor  metallicum.  With 
magnefia  it  forms  Epfom  fait,  which  is  foluble  in  its  own  weight  of  water  at  the 
temperature  of  6o°,  cryftallizes  by  evaporation,  and  efflorefces  by  expofure  to  a dry 
air. 

The  vitriolic  acid  in  combination  with  vegetable  alkali  forms  the  fait  ufually 
known  by  the  name  of  vitriolated  tartar.  This  requires  fixteen  times  its  weight  of 
water  to  diffolve  it,  and  forms  permanent  hard  cryftals  by  evaporation. 

Mineral.  alkali  combined  with  this  acid  forms  Glauber’s  fait,  which  requires  only 
three  times  its  weight  of  water  to  diffolve  it  at  a mean  temperature.  It  is  much 
more  foluble  in  hot  than  in  cold  water,  and  may  therefore  be  feparated  from  the  hot 
faturated  folution  either  by  cooling  or  evaporation.  Its  cryftals  are  ufually  large 
and  well  formed  ; but  they  lofe  their  water  of  cryftallization,  which  amounts  to  near 
half  their  weight,  by  expofure  to  the  air,  and  fall  into  an  efflorefcence  or  white 
powder. 

Vitriolic  acid  with  volatile  alkali  forms  vitriolic  ammoniac.  Twice  its  weight  of 
cold,  or  an  equal  weight  of  hot  water,  is  fufficient  to  diffolve  it ; and  confequently  it 
is  feparable  either  by  cooling  or  by  evaporation.  Its  cryftals  are  permanent,  or  flightly 
difpofed  to  attraft  moifture  and  deliquefce.  Chemifts  differ  with  refpedt  to  its  vo- 
latility; but  it  is  probable  that  it  cannot  fuftain  any  moderate  heat  without  deco  11- 
pofition,  either  of  its  acid  or  alkali. 
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The  vitriolic  acid  ads  upon  and  difiolves  many  of  the  metals,  and  Forms  combi- 
nations defcribed  under  the  refpedive  titles  of  thofe  metals. 

In  the  diftillation  of  the  metallic  and  earthy  falts,  the  laft  portions  of  this  acid  are 
decompofed  by  the  heat  like  the  nitrous ; a product  of  vitriolic  air  and  vital  air 
being  afforded,  and  in  fome  cafes  actual  fulphur.  Decompofition  or  phlogiftication 
of  this  acid  likewife  takes  place  when  it  is  treated  with  combuftible  bodies.  We 
have  already  feen,  that  in  this  combinatiomthere  is  an  efcape  of  vitriolic  air  or  phlo- 
gifticated acid,  doubtlefs  attended  with  the  addition  of  a portion  of  vital  air  to  the 
/combuftible.  In  the  dry  way,  when  vitriolic  falts  are  heated  with  charcoal,  the 
efcape  of  vitriolic  air  is  much  more  fpeedy,  abundant,  and  eafy,  becaufe  the  attrac- 
tion of  the  inflammable  fubftance  for  the  vital  air  of  the  acid  greatly  facilitates  the 
difengagement  of  the  vitriolic  air,  .-which  confifts  of  another  portion  of  acid  united 
with  fulphur.  And  in  this  procefs,  if  fulphur  confift,  as  ftated  by  the  theory  of  Stahl, 
of  phlogifton  and  the  acid  of  vitriol,  the  combuftible  body  muft  have  emitted  phlo- 
gifton  while  it  imbibed  the  vital  air. 

It  is  feen,  therefore,  that  the  vitriolic  acid,  originally  produced  by  the  combuftion  of 
fulphur,  is  again  reduced  to  that  fubftance  by  the  action  or  effect  of  fome  other  more 
. combuftible  body,  which  may  deprive  it  of  vital  air,  and  perhaps  add  the  principle 
of  inflammability,  if  fuch  a common  principle  be  admitted  to  exift.  The  modern 
, difcoveries  on  elaftic  fluids  have  exhibited  a great  variety  of  facts,  which  clearly  in- 
dicate this  leading  circumftance  of  the  acidification  and  redudtion  of  this  fubftance. 
In  the  earlier  times  of  chemiftry,  this  was  with  juftice  thought  a difcovery  of  the  firft 
magnitude,  though  effected  in  a lefs  direct  method.  The  greateft  difficulty  in  the 
attempt  naturally  confifted  in  the  volatile  nature  of  the  vitriolic  acid,  which  being 
rendered  ftill  more  fo  by  the  addition  of  any  combuftible  body,  would  of  courfe  elude 
the  endeavour  to  fubject  it  to  any  confiderable  degree  of  heat ; and  the  means  of 
examining  the  volatile  products  were  not  then  known.  It  was  in  all  probability  the 
former  circumftance  which  led  the  great  Stahl,  the  founder  of  the  phlogiftic  theory, 
to  direct  his  attention  to  the  vitriolic  combinations  in  which  the  acid  is  more  fixed 
by  its  adhefion  to  a bafe.  Vitriolated  tartar,  or  fixed  alkali,  was  the  fait  he  chofe. 
This  confifts  of  the  vitriolic  acid  combined  with  fixed  alkali  ; and  ftill  more  to  pre- 
vent the  acid  from  riling  when  phlogifticated  or  changed  by  a combuftible  body, 
he  added  an  equal  weight  of  fixed  alkali  to  the  fait.  This  mixture  he  fufed  in  a 
crucible,  with  half  a part  of  powdered  charcoal,  and,  after  well  ftirring  the  whole 
together,  and  expofing  it  to  a ftrong  heat  of  fhort  continuance,  he  poured  it  out  all 
fparkling  upon  a greafed  ftone.  The  compound  was  foluble  in  water,  and  proved 
to  confift  in  a great  meafure  of  liver  of  fulphur,  or  the  combination  of  fulphur  and 
an  alkali,  contaminated  indeed  by  a portion  of  charcoal  held  in  folution.  This  liver 
of  fulphur  was  accordingly  diflolved  in  water,  and  by  the  addition  of  an  acid  the 
fulphur  was  feparated  from  the  alkali  and  fell  down. 

In  thefe  experiments  it  is  evident  that  the  charcoal  converted  the  vitriolic  acid 
into  fulphur,  or  volatile  vitriolic  acid,  which  was  detained  by  the  redundant  alkali, 
and  that  the  acid,  laft  added  in  the  watery  folution/  caufed  a feparation  of  the 
fulphur,  by  feizing  the  alkali  in  confequence  of  its  ftronger  affinity. 

The  electric  fpark,  paffed  between  two  furfaces  of  vitriolic  acid  confined  in  a glafs 
tube,  decompofes  the  acid.  Vital  air  efcapes,  and  the  acid  is  rendered  fulphureous 
or  phlogifticated. 

The  fulphureous  or  volatile  vitriolic  acid  forms  combinations  with  earths,  alkalis., 
and  metals ; but  its  attraction  to  thefe  bafes  is  exceedingly  weak.  Expofure  to  air 
for  a length  of  time  changes  thefe  falts  into  common  vitriolic  falts,  doubtlefs  in  the 
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fatne  manner  as  it  converts  fulphureous  acid  into  common  vitriolic  acid;  that  is  to 
fay,  by  affording,  vital  air,  and  perhaps  by  receiving  phlogifton,  as  it  may  be  dif- 
fipated. 

For  farther  particulars' refpefting  this  acid ; fee  Sulphur  ; Air,  hepatic  ; Air,  ■ 
dephlogisticated;  and  the  feveral  metals* 

ADAMANT,  to  Diamond. 

ADAMANTINE  SPAR.  This  {tone,  which  comes  to  us  from  the  peninfula 
of  hither  India,  and  alfo  from  China,  has  not  engaged  the  attention  of  the  chemical  - 
world  till  within  a few  years  paft.  It  is  remarkable  for  its  extreme  hardnefs,  which 
approaches  to  that  of  thq  diamond,  and  by  virtue  of  which  property  it  is  ufed  for 
polilhing  gems. 

Two  varieties  of  this  {tone  are  known  in  Europe.  The  firft  comes  from  China.^ 
It  is  cryftallized,  infix-fided  prifms,  without  pyramids,  whofe  length  varies  from  half 
an  inch  to  an  inch,  and  thicknefs  is  about  three  quarters  of  an  inch.  Its  colour  is 
grey  of  different  {hades.  The  larger  pieces  are  opake  ; but  thin  pieces  and  the 
edges  of  the  prifms  are  tranfparent.  Its  fra&ure  is  brilliant,  and  its  texture  fpathofe, 
which  caufes  its  furface  to  appear  lightly  ftriated.  , Its  cryftals  are  covered  with  a 
very  fine  andftrongly  adherent  cruft  of  plates  of  filvery  mica  mixed  with  particles 
of  red  felt-fpar:  A yellow  fuperficial  covering  of  martial  vitriol  was  obferved  upon  - 

one  fpecimen. 

This  ftone  is  fo  hard  that  it  not  only  cuts  glafs  as  eafily  as  a diamond,  but  likewife 
marks  rock  cryftal  and  feveral  other  hard  ftones.  Its  fpecific  gravity  is  3710. 

Small  cryftalline  grains  of  magnetical  ferruginous  calx  are  occafionally  found  in 
the  adamantine  fpar  of  China,  which  maybe  feparated  by  the  magnet  when  the  ftone 
is  pulverized. 

The  fecond  variety,  which  comes  from  India,  is  called  Corundum  by  the  inha- 
bitants of  Bombay.  It  differs  from  the  former  by  a white  colour,  a texture  more 
evidently  fpathofe,  and  laftly,  becaufe  the  grains  of  magnetical  iron  are  ftnaller  than 
in  the  former  fpecimens,  and  are  not  interfperfed  through  its  fubftance,  but  only  at 
its  furface. 

The  chemical  properties  of  this  ftone  are  very  lingular.  It  obftinately  refills  de- 
compofition  by  any  of  the  known  methods.  Mr.  Klaproth  fubmitted  300  grains  of 
adamantinefpartofufionwith  15  parts  of  mineral  alkali,  ina  filver  crucible,  fortwelve 
fucceflive  times,  continuing  each  time  for  five  hours  as  ftrong  an  heat  as  the  velfel 
could  fupport.  After  each  fufion,  he  foftened  the  mats  with  boiling  diftilled  water, 
filtered  if,  and  precipitated  by  acids  the  fmall  portion  of  earth  the  alkali  had  dif-. 
folved  ; and  laftly,  he  digefted  for  feveral  times,  alternately,  in  concentrated  and  boil- 
ing acids,  the  portion  which  had  not  been  decompofed. 

In  this  long  and  painful  method  of  treating  the  adamantine  fpar  alternately  with 
mineral  alkali  and  concentrated  acids  he  fucceeded  at  length  in  decomposing  it. 
This  operation  employed  all  his  opportunities  of  leifure  for  more  than  three  months, 
when  he  found  the  ftone  (exclufive  of  the  magnetical  calx  of  iron,  which,  without* 
being  one  of  the  conftituent  parts  of  the  fpar,  forms  one  fifth  of  its  weight)  to  confift 
of  clay  two  parts,  united  with  one  part  of  a peculiar  earth  whofe  nature  is  not  yet 
determined  *. 

This  earth  is  not  filiceous,  becaufe,  though  infoluble  in  acids,  it  does  not  combine 
with  fixed  alkalis  by  fufion. 

M.  Morveau  poflelfes  two  fpecimens  of  the  adamantine  fpar  found  in  France  fi 

* Klaproth  in  the  Beilin  Mem,  for  1788,  quoted  in  theAnnale*  de  Chemie,  voh  i.  f Ibid. 
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ADOPTER.  A veffel  with  two  necks  placed  between  a retort  and  a receiver., 
and  ferving  to  increafe  the  length  of  the  neck  of  the  former.  See  Appa- 
ratus. 

(AFFINITY,  CHEMICAL.  See  Attraction,  elective. 

AGARIC  is  a fungus,  growing  on  the  trunk  of  the  common  larch  tree,  from 
which  turpentine  is  extracted.  Three  fourths  of  its  weight  is  a refinous  fubftance, 
and  the  reft  a flimy  mucilaginous  earthy  matter,  fo  tenacious  as  fcarcely  by  any 
method  to  be  diffolved  in  water. 

AGATE.  The  oriental  agate.is  almoft  tranfparent,  and  of  a vitreous  appearance. 
The  occidental  js  of.  various  colours,  and  often  veined  with  quartz, or  jafper.  It  is 
moftly  found  in  fmallpieces  covered  with  a cruft,  and  often  running  in  veins  through 
rocks  like  flint  and  petrofilex,  from  which  it  does  not  feem  to  differ  greatly.  When 
agates  contain  arborifations  they  are  called  mocha  ftone.  Thefe  are  confiderably 
valued  when  the  internal  figure  nearly  refembles  fome  animal  or  plant. 

AGGREGATE.  When  bodies  of  the  fame  kind  are  united,  the  only'  confe- 
quenee  is,  that  one  larger  body  is  produced.  In  this  cafe, -the  united  rnafs  is-called 
an  aggregate,  and  does,  not  differ  in  its  . chemical  properties  from  the  bodies  from 
which  it  was  originally  made.  Elementary  writers  call  the  fmalleft  parts  into  which 
an  aggregate  can.  be  divided  without  deftroying  its  chemical  properties,  integrant 
parts.  Thus  the  integrant  parts  of  common  fait  are  the  fmalleft  parts  which  can  be 
conceived  to  remain  without  change  ; and  beyond  thefe,  any  farther  fubdivifion  can- 
not be  made  without  developing  the  component  parts,  namely,  thealkali  and  the  acid. 

AIR  is  the  generic  name  for  fuch  invifible  and  exceedingly  rare  fluids  as  poffefs 
.a  veryjiigh.  degree  of  elafticity,.  and  are  not  condenfable  into  the  liquid  ftate  by  any 
degree  of  cold  hitherto  produced.  This  laft  circumftance  is  the  only  diftin<ftive 
criterion  betweea  air  and  vapour  ; for  vapor  is  condenfable  by  cold.  The  air  of 
the  atmofphere  was  formerly  thought  to  confift  of  one  uniform  fluid  exclufivel.y  pof- 
fefling  the  permanently  elaftic  ftate  ; and  in  the  few  inftances  wherein  the  earlier 
chemifts  took  notice  of  the  elaftic  products  of  their  operations,  thefe  products  were 
. ufually  fuppofed  to  confift  of  atmofpheric  air.  Modern  philofophers,  among  whom 
Dr.  Prieftley  occupies  the  higheft  place,  infomuch  that  he  may  with  juftice  be  ftyled 
the  father  of  this  branch  of  natural  philofophy,  have  difcovered  a confiderable 
number  of  aerial  fluids.  Thefe  confift  of,  i.  Alkaline  air.  2.  Common  or  atmo- 
fpheric air.  3.  Dephlogifticated  or  vital  air.  4.  Dephlogifticated  nitrous  air. 
5.  Fixed  air.  6.  Fluor  acid  air.  7.  Hepatic  air.  8,  Inflammable  air. 

9.  Marine  acid  air.  10.  Nitrous  air.  n.  Phlogifticated  air.  12.  Phofphoric  air. 
13.  Vitriolic  air. 

AIR,  ALKALINE.  If  the  concrete  volatile  alkali,  or  common  fal  volatile  of 
the  fhops,  be  heated,  it  affumes  the  elaftic  ftate,  but  confifts  either  totally,  or  for  the 
moft  part,  of  vapour,  and  not  air.  This  vapour,  or  the  fait  itfelf,  is  a combination 
of  pure  volatile  alkali  and  fixed  air,  and  is  quickly  condenfed  in  the  folid  form  as 
before.  If  the  fame  Concrete  fait  be  heated,  either  in  folution  with  water,  or  with 
the  addition  of  a fmall  quantity  of  that  fluid,  the  fame  difpofition  to  fublime  is  ex- 
hibited, but  the  water  detains  the  alkali,  while  the  fixed  air  efcapes,  contaminated 
indeed  with  alkali,  which  rifes  afterwards.  But  when  the  cauftic  volatile  alkali., 
\yhich.  confifts  of  the  pure  alkali  itfelf  diffolved  in  water,  is  heated,  the  alkali  rifes  to- 
gether with  a much  lefs  quantity  of  water  than  is  fufficient  to  hold  it  in  folution  in, 
the  denfe  fluid  ftate.  Part  of  this  water  impregnated  with  alkali  is  condenfed  in  a 
fmall  veffel  interpofed  between  the  retort  in  which  the  cauftic  alkali  is  heated,  and 
die  mercurial  apparatus  over  which  the  air  is  received.  ^Apparatus.  The 
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reft  of  the  alkali  paffes  forward  in  the  permanently  elaftic  ftate  into  an  inverted  jar 
over  mercury. 

As  the  procuring  of  alkaline  air  by  heating  the  caultic  volatile  alkali  is  attended 
with  all  the  expence  of  originally  manufacturing  the  alkali  from  fal  ammoniac,  it 
foon  occurred  to  the  difcoverer.  Dr.  Prieftley,  that  this  air  might  be  more  cheaply 
obtained  by  the  original  procefs  with  the  fal  ammoniac  itfelf.  This  laft  fait  confifts  of 
volatile  alkali  in  combination  with  marine  acid,  and  the  method  of  difengaging  the 
volatile  alkali  together  with  water  only  confided  formerly  in  diftilling  a mixture 
of  fal  ammoniac  with  three  fourths  of  flaked  lime.  It  will  be  feen  that  this  mix- 
ture did  not  afford  a fufficient  quantity  of  water  in  the  firft  ftage,  or  indeed  in  any 
ftage  of  the  operation,  to  condenfe  the  whole  of  the  alkali  which  was  difengaged  : 
for  Dr.  Prieftley  found  that  the  greateft  part  of  the  product  is  in  the  permanently 
elaftic  ftate,  and  confequently  was  loft  in  the  common  operation. 

The  heat  of  a candle  expels  a prodigious  quantity  of  alkaline  air  from  this  mix- 
ture; at  the  fame  time  that  the  lime  unites  with  the  marine  acid.  It  is  neceffary 
that  alkaline  air  fhould  be  received  over  mercury,  becaufe  it  is  readily  abforbed  by 
water,  with  which  it  forms  the  fluid  called  cauftic  volatile  alkali,  or  commonly  fpirit 
of  fal  ammoniac  with  lime.  Dr.  Prieftley  found,  by  a rough  trial,  that  ten  parts  by 
weight  of  water  abforbed  four  of  alkaline  air,  reckoning  the  ounce  meafure  to  weigh 
fomething  more  than  half  a grain,  and  the  bulk  of  the  water  was  increafed  by  the  addi- 
tion of  one  fifth  of  its  original  magnitude.  The  abforption  of  alkaline  air  by  water 
does  not  feem  to  confift  of  the  whole  of  the  fluid  indifcriminately,  for  after  the  water 
ceafes  to  imbibe  alkaline  air  which  has  flood  for  a confiderable  time  upon  it,  it  will 
imbibe  other  alkaline  air  newly  produced.  The  pureft  and  ftrongeft  fluid  volatile 
alkali  is  obtained  by  faturating  water  with  this  air;  for  which  purpofe  the  appara- 
tus of  Woulfe  is  peculiarly  advantageous. 

Cauftic  fixed  alkali  affords  no  elaftic  fluid  by  heat,  the  vapour  expelled  from  it 
being  nothing  but  water. 

When  a mixture  of  alkaline  and  marine  acid  air  is  made  over  mercury,  a beau- 
tiful white  cloud  is  formed,  and  a quantity  of  the  elaftic  fluid  difappears ; at  the  fame 
time  that  a folid  white  fait  is  formed  by  the  fubfidence  of  the  cloud,  which  was 
found  to  be  common  fal  ammoniac,  or  the  marine  acid  united  to  the  volatile  alkali. 
The  fmell  and  the  permanency  of  this  white  fait  differs  according  to  the  redundance 
of  either  of  the  airs  in  its  compofition.  The  common  fal  ammoniac  is  obtained 
when  both  are  in  due  quantity ; but,  if  either  prevail,  the  compound  is  much  more 
difpofed  to  evaporate. 

Nitrous  air  admitted  to  alkaline  air  likewife  occafioned  a whitifh  cloud,  and  part 
of  the  air  was  abforbed;  but  it  prefently  grew  clear  again,  leaving  only  a little  dim- 
nefs  on  the  fides  of  the  veffel.  It  is  probable  that  the  alkaline  air  united  with  fome 
nitrous  vapour  or  acid  which  might  be  prefent  in  the  mixture  ; for,  when  water  was 
admitted,  the  alkaline  air  was  abforbed,  and  the  nitrous  air  remained  in  poffeffion  of 
its  peculiar  properties. 

Fixed  air  admitted  to  alkaline  air  formed  oblong  and  flender  cryftals,  which 
croffed  one  another,  and  covered  the  fides  of  the  veffel  in  the  form  of  net  work. 
1 hefe  muft  have  confifted  of  the  common  or  concrete  volatile  alkali,  though  per- 
haps with  a redundancy  of  either  principle  according  to  its  abundance  in  the 
mixture. 

Inflammable  air  exhibited  no  particular  appearance  when  mixed  with  alkaline  air. 
Water,  as  in  the  former  experiment,  abforbed  the  alkaline  air,  and  left  the  inflam- 
mable air  as  it  was  before.  It  was  remarkable,  however,  that  the  water  which  was 
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admitted  to  them  became  whitifh,  and  that  this  white  clci’.d  fettled- in  the  form'  of  a 
V.'hitC  "CWdc:  tc  the  'budum  or  the  vefiel.  Dr.  Prieftley  does  not  appear  to  have  ex- 
amined its  properties,  perhaps  becaufe  its  quantity  was  too  fmall. 

Common  air  and  alkaline  air  (landing  together  for  feveral  days,  and  afterwards 
feparated  by  the  addition  of  water,  which  abforbed  the  latter  fluid,  did  not  appear 
to  have  any  aftion  upon  each  other,  at  lead  as  far  as  was  indicated  by  the  teft  of  ni- 
trous air  : for  the  common  air  was  as  much  diminilhed  in  this  way  of  trial  after  the 
operation  as  before. 

Phlogifticated  air,  or  common  air  which  had  been  dimini(hed  by  (landing  over  a 
mixture  of  iron  filings  and  fulphur,  was  likewife  unchanged  by  mixture  with  alka- 
line air  : for  when  this  lad  was  abforbed  by  water,  the  remaining  phlogifticated  air 
was  equally  unchanged  by  the  ted  of  nitrous  air. 

Spirit  of  wine  imbibes  alkaline  air  as  readily  as  water,  and  feems  to  be  as  inflam- 
mable afterwards  as  before.  Alkaline  air  contradls  no  union  with  this  aerial  fluid  ; 
but  oil  of  turpentine  and  eflential  oil  of  mint  abforbed  a very  fmall  quantity  of  it, 
without  however  having  differed  any  perceptible  change  in  their  properties.  Ether 
imbibed  alkaline  air  pretty  freely,  without  any  change  of  colour  or  diminution  of 
its  inflammability.  It  alfo  evaporated  as  readily  as  before;  but  Dr.  Priedley  did  not 
afeertain  this  lad  fad  with  particular  attention. 

Sulphur,  nitre,  common  fait,  and  flints,  were  put  to  alkaline  air  without  imbibing 
any  part  of  it ; but  charcoal,  fpunge,  bits  of  linen  cloth,  and  other  fubdances  of  the 
fame  kind,  feem  to  condenfe  this  air  upon  their  furfaces.  A piece  of  the  infpifiated 
juice  of  turnfole  being  made  very  dry  and  warm,  abforbed  a great  quantity  of  this 
air,  by  which  it  contraded  a mod  pungent  fmell,  but  its  colour  was  not  changed. 

Alum  undergoes  a very  remarkable  change  by  the  adion  of  alkaline  air.  It  be- 
comes opake  progreflively  from  the  furface  inwards,  and  in  this  date  perfedly  refem- 
bles  alum  which  has  been  roaded.  Dr.  Priedley  imagines  that  the  alkaline  air 
feizes  upon  the  water  that  enters  into  the  conditution  of  crude  alum,  and  which 
would  have  been  expelled  by  heat ; but  as  roaded  alum  likewife  imbibes  alkaline 
air,  it  feems  mod  probable  that  this  lad  fubdance  unites  with  the  redundant  portion 
of  acid  which  that  fait  contains. 

Phofphorus  gave  no  light  in  alkaline  air,  and  made  no  lading  change  in  its  di- 
menfions.  It  varied  indeed  a little,  being  fometimes  increafed  and  fometimes  di- 
minidied  ; but  after  a day  and  a night  it  was  in  the  fame  date  as  at  fird.  Water  im- 
bibed this  air  juft  as  if  nothing  had  been  put  to  it. 

Copper  wire  was  not  affedled  by  remaining  feveral  hours  in  alkaline  air,  a circum- 
flance  probably  owing  to  the  want  of  vital  air  to  calcine  the  metal,  as  it  is  found  in 
the  procefles  with  this  metal  and  volatile  alkali  that  fuch  calcination  is  neceflary 
in  order  that  a mutual  combination  may  take  place. 

Marine  acid  abforbed  alkaline  air,  and  formed  a little  of  the  white  ammoniacal 
fait,  fuch  as  was  afforded  when  the  marine  acid  air  and  the  aerial  fluid  are  mixed. 
A little  remained  unabforbed  and  tranfparent,  but  upon  the  admiffion  of  common 
air  to  it,  it  inflantly  became  white.  Vitriolic  acid  alfo  formed  a white  fait  with  al- 
kaline air,  and  this  did  not  rife  in  white  fumes. 

Alkaline  air  is  (lightly  inflammable,  though  it  extinguidies  a candle  dipped  into 
it  repeatedly ; but  at  each  time  the  flame  was  confiderably  enlarged  by  the  addition 
of  another  flame  of  a pale  yellow  colour,  and  the  lad  time  this  light  flame  defeended 
from  the  bottom  of  the  veflel  to  the  top.  Thefe  fucceflive  differences  in  the  appear- 
ance feem  to  depend  upon  the  admixture  of  the  common  air  which  aflifted  the 
inflammation. 
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Dr.  Prieftley  afcertained  that  alkaline  air  is  heavier  than  common  inflammable 
air,  by  putting  a quantity  of  the  latter  into  a veflel,  and  then  adding  half  the  quan- 
tity of  alkaline  air,  and  to  this  a like  quantity  of  marine  acid  air.  The  white  cloud 
was  formed  as  ufual,  but  it  did  not  rife  within  the  fpace  occupied  by  the  inflammable 
air  ; fo  that  the  inflammable  air  had  kept  its  place  above  the  other  without  mixing 
with  it.  That  the  alkaline  air  is  lighter  than  the  acid  air  is  (hewn  from  the  forma- 
tion of  the  cloud  on  their  mixture ; for  it  begins  at  the  bottom,  and  gradu- 
ally reaches  the  top,  when  the  acid  air  is  laft  added  ; but  when  the  acid  air  is  put 
to  the  alkali,  the  whole  becomes  cloudy  immediately  quite  to  the  top  of  the  veflel. 

Alkaline  air,  which,  according  to  the  general  law  of  vaporous  or  elaftic  fluids,  be- 
coming condenfed,  produces  heat  when  diflolved  in  water,  produces,  on  the  con* 
trary,  cold  when  it  is  added  to  ice.  The  ice  becomes  very  fpeedily  fluid,  and  doubt- 
lefs,  by  its  obtaining  the  fluid  Hate,  abforbs  more  heat  than  the  condenfation  of  the 
air  is  capable  of  affording. 

When  acid  and  alkaline  airs  are  mixed  over  mercury,  the  quantities  of  acid  air 
abforbed  are  various,  according  to  the  feveral  kinds  made  ufe  of.  Of  marine  acid 
air  and  alkaline  air  equal  bulks  difappear  by  mutual  combination.  Two  meafures 
of  alkaline  air  faturate  one  of  vitriolic.  The  fame  proportion  is  obferved  between 
alkaline  and  fluor  acid  air.  Fixed  air  does  not  remarkably  differ  from  this  laft  propor- 
tion. The  red  vapour  of  nitrous  acid  feems  to  require  about  five  times  its  bulk 
of  alkaline  air  to  faturate  it ; but  in  this  there  is  much  uncertainty  on  feveral 
accounts. 

The  eledric  fpark  or  fhock  taken  in  alkaline  air  has  a red  colour  fimilar  to  that 
which  it  has  in  inflammable  air ; and  this  treatment  caufes  the  air  to  expand  at  length 
to  about  three  times  its  former  bulk,  at  the  fame  time  that  it  becomes  no  longer  ab- 
forbable  in  water.  Ignition  of  a glafs  retort  containing  alkaline  air  likewife  rendered 
it  permanent  over  water  and  inflammable  ; and  the  fame  effed  was  produced  by  heat- 
ing pieces  of  crucible  or  porcelain  in  alkaline  air  by  a burning  glafs,  and  alfo  by  pair- 
ing the  alkaline  air  through  an  ignited  earthen  tube. 

It  remained  to  be  determined  in  what  manner  this  change  in  the  alkaline  air  took 
place.  For  this  purpofe  Dr.  Prieftley,  whofe  experiments  and  difcoveries  have  fup- 
plied  the  whole  of  the  preceding  part  of  this  article,  heated  feveral  of  the  metallic 
calces  in  alkaline  air,  with  a view  to  reduce  them  to  the  metallic  ftate,  as  he  had  be- 
fore done  by  the  fame  procefs  with  inflammable  air.  Maflicot,  or  the  calx  of  lead, 
was  firft  tried.  The  lead  was  revived,  and  the  refidue  of  the  air  was  the  fluid  called 
phlogifticated  air.  Hence  it  fliould  feem,  if  we  might  fpeak  of  phlogifticated  air 
and  inflammable  air  as  Ample  fubftances,  that  the  alkaline  air  confifts  of  an  intimate 
combination  of  both  ; that  this  union  is  deftroyed  by  eledricity,  which  of  courfe 
muft  enlarge  the  bulk  of  the  whole,  becaufe  difengaged  inflammable  air  has  a much 
lefs  denfity  than  any  other  aerial  fluid.  The  quantity  of  lead  in  thefe  experiments 
was  always  lefs  than  a bulk  of  inflammable  air  equal  to  that  of  the  alkaline  air 
would  have  reduced  : from  which  circumftance,  as  the  alkaline  air  was  convertible 
into  an  inflammable  fluid  of  three  times  its  original  bulk,  the  Dodor  is  difpofed  to 
think  that  the  phlogifticated  air  contains  a very  confiderable  portion  of  phlogifton 
or  inflammable  matter  which  might  elfe  have  reduced  a larger  portion  of  metal. 
But  as  the  general  tenor  of  his  condud  has  ever  been  unprejudiced  by  theory,  he 
does  not  difguifethe  fads,  that  the  inflammable  air  from  alkaline  air  may  not  be  the 
fame  as  that  procured  by  the  adion  of  acids  upon  metals,  and  that  fome  of  the 
maflicot  ufecl  in  thefe  experiments  was  capable  of  affording  fixed  air  by  heat.  This 
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laft  fubftance,  when  expelled,  would  unite  with  fome  of  the  air,  and  precipitate  it  in 
the  form  of  the  concrete  alkali ; and  to  this  I would  likewife  add,  that  it  may  eafily  be 
fuppofed  that  the  effeCt  of  the  calx  in  attracting  inflammable  air  may  be  confi- 
derably  lefs  when  an  intimate  combination,  fuch  as  the  volatile  alkali,  is  to  be 
deftroyed,  than  when  the  inflammable  air  is  prefented  alone  and  difengaged,  and 
confequently  that  lefs  of  the  lead  would  be  revived  in  the  former,  than  the  latter 
cafe.  It  may  be  obferved,  that  the  conclufions  are  nearly  the  fame,  whe- 
ther we  fuppofe  the  inflammable  air  as  phlogifton  to  have  combined  with  the  calx 
itfelf,  or  whether  we  fuppofe  it  to  unite  with  the  vital  air  of  the  calx,  and  re- 
duce it  by  depriving  it  of  that  fubftance. 

Glafs  of  antimony  abforbed  part  of  the  alkaline  air  when  it  was  heated  by  the 
burning  glafs  in  that  fluid,  and  there  was  an  appearance  of  metallic  globules.  The 
DoCtor  could  not  obtain  the  fame  appearance  in  inflammable  air. 

When  fcales  of  iron  were  heated  in  alkaline  air,  the  quantity  of  the  latter  was 
much  increafed,  and  became  ftrongly  inflammable.  No  water  was  afforded  in  this 
prccefs.  The  iron  was  revived,  being  perfectly  foluble  in  diluted  vitriolic  acid, 
and  had  loft  one  grain  in  twenty-four.  In  this  experiment,  the  heat  neceffary  to 
revive  the  iron  appears  to  have  been  fufiicient  to  decompofe  more  of  the  alkaline  air, 
than  was  neceffary  to  revive  the  iron. 

Red  precipitate  was  heated  in  the  fame  manner  in  alkaline  air.  The  confequence 
was,  that  the  mercury  was  revived,  and  at  the  fame  time  a confiderable  quantity  of 
water  was  produced  : the  refidual  air  contained  a portion  of  vital  air.  In  another 
experiment,  the  quantity  of  dephlogifticated  air  was  ftill  more  confiderable  ; and  in 
a third,  an  explofion  took  place.  It  appears,  therefore,  that  in  thefe  experiments 
the  mercury  was  reduced  by  the  mere  heat,  a thing  well  known  to  be  practicable ; 
that  vital  air  was  expelled  from  the  mercurial  calx,  as  is  ufual  in  fuch  reductions  ; 
that  the  heat  was  fufiicient  to  convert  part  or  the  whole  of  the  alkaline  air  into  in- 
flammable and  phlogifticated  airs ; that  the  vital  air  had  remained  unchanged  in 
mere  mixture  with  the  principles  of  the  alkaline  air,  when  the  heat  had  been  mode- 
rate ; but  that  in  the  cafe  of  the  explofion  the  heat  had  probably  been  fuch  as  to 
caufe  the  ignition  and  fudden  combination  of  the  vital  and  inflammable  airs  ; and 
laftly,  that  the  water  which  appeared  and  was  depofited  from  the  airs  was  a confe- 
quence of  their  combination,  whether  it  be  fuppofed  to  be  really  compofed  of  inflam- 
mable and  vital  air,  or  only  feparated  from  them  when  they  unite  to  form  nitrous 
acid,  fixed  air,  or  any  other  fubftance.  See  Water. 

Scheele  has  obferved,  that  volatile  alkali  is  decompofed  when  kept  a long  time 
in  digeftion  with  the  nitrous  acid  and  manganefe,  or  when  fal  ammoniac  is  diftilled 
from  the  fame  metallic  calx.  He  remarks  likewife-  that  volatile  alkali  is  decom- 
pofed by  the  calx  of  gold,  mercury,  and  other  metals.  In  thefe  feveral  decompo.- 
fitions  he  obtained  phlogifticated  air,  which  he  obferves  in  general  is  afforded 
whenever  the  phlogifton  of  volatile  alkali,  which  he  takes  to  be  one  of  its  compo- 
nent parts,  is  attracted  by  any  other  body.  Bergman  concludes,  from  his  own  ex- 
periments upon  fulminating  gold,  as  well  as  from  thofe  of  Scheele,  that  the  volatile 
alkali  contains  phlogifton,  and  that  whenever  this  principle  is  taken  from  it  by  vir- 
tue of  a fuperior  attraction,  an  elaftic  fluid  is  difengaged,  which  probably  conftitutes 
the  other  principle  of  the  volatile  alkali.  Mr.  Kirwan  likewife  obferves,  in  his  notes 
on  the  treatife  of  Scheele  upon  air  and  fire,  that  the  calx  of  gold  takes  phlogifton 
from  the  volatile  alkali,  at  the  fame  time  that  a kind  of  air  is  fuddenly  formed,  which 
from  its  properties,  as  difcovered  by  Scheele,  appears  to  be  phlogifticated  air. 

From 
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From  reflecting  on  thefe  general  fadts,  the  excellent  Berthollet  entertained  an  ex- 
pectation of  arriving  at  a more  accurate  knowledge  of  the  nature  of  volatile  alkali, 
and  by  that  means  explaining  a number  of  natural  operations,  in  which  this  alkali  is 
either  formed  or  deftroyed  *. 

He  firft  endeavoured  to  determine  the  products  obtained  from  ammoniacal  nitre, 
or  the  combination  of  nitrous  acid  and  volatile  alkali.  For  this  purpofe  he  diftilled' 
two  ounces  of  the  dry  fait  in  a fmall  glafs  retort,  from  which  proceeded  a recurved 
tube,  communicating  in  the  manner  of  figure  2,  with  a bottle  furrounded  with  ice, 
for  the  purpofe  of  condenfing  aqueous  vapours  or  acid.  For  greater  fecurity,  ano- 
ther of  thefe  bottles  was  interpofed  between  the  retort  and  ajar,  inverted  over  wa- 
ter, and  defigned  to  receive  the  aerial  produces.  By  heat  carefully  applied  the  whole 
was  diftilled,  excepting  one  gros  of  ammoniacal  nitre  which  was  not  decompofed. 
During  the  operation,  a large  quantity  of  dephlogifticated  nitrous  air  was  dif- 
engaged,  which  Mr.  Berthollet  confiders  as  nitrous  air,  containing  a fmall  portion 
of  vital  air  ; and  in  the  two  veffels  furrounded  with  ice  was  contained  one  ounce  and 
forty-three  grains  of  a fluid  confiderably  acid.  This  liquor  was  diftilled  on  a water 
bath.  Four  gros  thirty-two  grains  of  ammoniacal  nitre,  which  had  been  volatilized 
in  the  preceding  diftillation,  now  remained  in  the  retort ; and  the  acid  liquor  which 
came  over  was  then  faturated  with  vegetable  alkali  without  affording  the  fmalleft 
indication  of  the  prefence  of  volatile  alkali  Laftly,  he  evaporated  this  faturated 
liquor  on  a water  bath,  and  obtained  nothing  but  pure  water,  with  fifty-four  grains 
of  nitre  left  behind  in  the  retort,  which,  according  to  Bergman’s  valuation,  would 
contain  nearly  twenty-feven  grains  of  alkali,  nine  grains  of  water,  and  eighteen  of 
pure  acid.  Flence  he  ftates  the  products  of  the  two  ounces  to  be,  exclufive  of  what 
remained  in  the  retort  at  the  firft  diftillation, 

Liquor  contained  in  the  bottles*  - - 1 ounce  43  grains*. 

Ammoniacal  nitre  contained  in  the  liquor  4 gros  32  grains* 

Nitrous  acid  contained  in  the  fame  liquor  18  grains. 

And  confequently  water  formed  3 gros  65  grains. 

From  this  deduction,  on  which  many  remarks  might  be  made,  he  concludes  that 
aqueous  inflammable  air  (taking  the  compofition  of  water  as  an  admitted  fadt)  is  one 
of  the  principles  of  volatile  alkali. 

This  ingenious  chemift  having  afcertained  that  the  aerated  or  dephlogifticated 
marine  acid  contains  vital  air,  and  that  the  cauftic  volatile  alkali  unites  with  this 
acid  with  an  effervefcence  and  difengagement  of  phlogifticated  air,  at  the  fame  time 
that  the  volatile  alkali  is  no  longer  found,  concludes  that  the  inflammable  air  of  the 
alkali  forms  water  by  uniting  with  the  vital  air  of  the  acid,  and  confequently  that 
the  other  principle  of  the  volatile  alkali  muft  be  phlogifticated  air.  In  confirmation 
of  this,  he  quotes  the  experiments  of  Prieftley  which  we  have  already  recited, 
wherein  water  was  produced  by  heating  metallic  calces  in  vital  air.  He  likewife 
ftates  an  experiment  of  his  own  to  the  fame  effect.  Copper  was  diffolved  in  the  vo- 
latile alkali,  and  the  dried  fait  was  expofed  to  diftillation.  The  produdt  was  water 
and  phlogifticated  air,  and  the  copper  was  completely  revived.  A portion  of  the 
volatile  alkali  came  over  without  decompofition,  which  likewife  held  a fmall  portion 
of  copper  in  folution. 

The  properties  of  fulminating  gold,  which  have  aftonilhed  and  embarraffed  the 
chemical  world  for  a long  time,  have  been  happily  brought  in  confirmation  of  this 
theory.  M.  Berthollet  had  the  courage  to  diftil  the  volatile  alkali  from  this  combt- 


* Memoirs  of  the  Parifian  Acad.  for  1785. 
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nation.  This  is  difengaged  from  the  calx  without  decompofition,  when  the  heat  is 
very  moderate  and  carefully  managed.  He  likewife  detonated  feven. grains  of 
fulminating  gold  in  a retort,  and  collected  the  air,  which  proved  to  be  pblogifticated 
air.  It  is  not  eafy  to  imagine  how  fo  conliderable  a quantity  of  this  dangerous 
compofition  could  be  exploded  in  any  apparatus  calculated  to  collect  the  air  without 
being  attended  with  a certainty  of  its  flying  in  pieces.  This  was  however  accom- 
plilhed  by  the  iimple  contrivance  of  including  a quantity  of  water,  which  had  been 
deprived  of  its  air  by  boiling,  along  with  the  fulminating  gold.  The  mouth  of  the 
retort  was  left  open,  and  the  water  kept  boiling  until  it  had  entirely  evaporated  ; 
confequently  the  internal  part  of  the  retort  contained  only  fleam  or  aqueous  vapour, 
until  the  inftant  that  its  bottom  became  dry  and  the  explofion  took  place.  The 
aerial  produdt  was  then  taken  out  by  plunging  the  retort  into  water.  It  was  proved 
to  be  pblogifticated  air  by  the  teft  of  eleftricity,  which  diminifhed  it  when  mixed 
with  inflammable  air.  This  philofopher  proceeded  to  determine  the  proportions  of 
inflammable  and  phlogifticated  air  which  enter  into  the  formation  of  volatile  al- 
kali. From  the  weight  of  volatile  alkali  fuppofed  to  be  contained  in  fulminating 
gold,  and  taken  to  be  equal  to  the  excefs  of  weight  of  this  precipitate  beyond  that 
which  is  afforded  by  fixed  alkali,  together  with  other  data  equally  indirect,  he  had 
formerly  concluded  that  the  inflammable  air  amounted  to  one  fixth  of  the  weight, 
or  two  thirds  of  the  bulk  of  volatile  alkali.  He  afterwards  proceeded  to  avail  him- 
felf  of  the  more  dired  method  of  electricity  and  the  fubfequent  explofion.  In  this 
way,  by  making  the  experiment  with  every  precaution,  he  found  that  feventeen 
parts  of  alkali  received  an  augmentation  of  bulk  equal  to  fixteen.  This  was  intro- 
duced into  the  eudiometer  of  Volta  by  fucceflive  portions,  together  with  a due  quan- 
tity of  vital  air;  the  whole  amounting  to  five  meafures  of  the  latter,  and  four  mea- 
fures  of  the  eledrified  alkaline  air. 

Thefe  nine  meafures  were  reduced  to  4 -Ar>  fo  that  there  were  4 TV  deftroyed. 
Care  was  taken  in  this  experiment  to  add  a furplus  of  vital  air,  for  the  greater,  cer- 
tainty ofdeftroying  the  whole  combuftible  part.  But  he  ftates  it  as  a known  fad, 
that  combuftion  caufes  nearly  145  meafures  of  inflammable  air  to  difappear,  toge- 
ther with  74  parts  of  vital  air.  Whence  it  follows  that  the  4 Ar  deftroyed  reprefent 
2 A of  inflammable  gas,  and  1 -rV  of  phlogifticated  air,  it  being  afcertained  from 
his  other  experiments  that  the  part  which  is  not  combuftible  confifts  of  that  fluid. 
And  admitting  the  weight  of  phlogifticated  air  to  be  eleven  times  that  of  an  equal 
bulk  of  inflammable  air,  the  weight  of  this  laft  contained  in  volatile  alkali,  compared 
with  that  of  the  phlogifticated  air,  will  be  as  29  to  121. 

Thefe  fads  are  applicable  to  a variety  of  phenomena,  in  which  volatile  alkali  has 
unexpededly  made  its  appearance.  When  a few  ounces  of  powdered  tin  are  mixed 
with  moderately  ftrong  nitrous  acid,  and,  after  they  have  flood  together  a minute  or 
two,  about  half  an  ounce  of  fixed  alkali  is  added  to  them,  a very  pungent  fmell  of 
volatile  alkali  is  immediately  perceived.  The  experiment  fucceeds  equally  with 
lime  inftead  of  alkali,  and  may  be  accounted  for  by  conhdering  that  the  nitrous 
acid  being  deprived  of  its  vital  air,  its  remaining  principle,  namely  phlogifticated 
air,  would  be  let  at  liberty,  if  the  inflammable  air  extricated  from  the  tin  were  not 
at  hand  to  combine  with  it  and  form  volatile  alkali.  And  the  explanation  will  be 
the  fame,  whether  the  metal  be  fuppofed  to  emit  its  phlogifton  in  the  form  of  in- 
flammable air,  or  the  water  to  be  decompofed  into  its  principles  of  vital  and  inflam- 
mable air,  in  which  cafe  the  former  will  enter  into  the  calx  together  with  the  vital 
air  of  the  nitrous  acid.  The  fubfequent  addition  of  the  fixed  alkali  or  of  the  lime 
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ferves  only  todifengage  the  volatile  alkali  from  the  mixture,  and  render  it  more  im- 
mediately obvious  to  the  fenfes. 

From  this  and  many  other  experiments  it  appears,  that  the  component  parts  sf  vo- 
latile alkali  are  readily  united  when  they  meet  together  in  the  condenfed  Hate, 
though  no  means  have  yet  been  devifed  to  combine  them  when  in  the  elaftic  ftate. 
This  laft  difficulty  feems  to  depend  on  the  refiftance  which  one  or  both  of  them 
make  to  centring  the  elaftic  ftate ; whether  fuch  refiftance  depend  upon  the  matter 
of  heat  in  combination,  the  diftance  of  the  particles  in  this  expanded  fituation,  or 
any  other  circumftance  hitherto  unexamined. 

Whenever  iron  rufts  in  contaft  with  water,  there  is  an  extrication  of  inflammable 
air  ; and  if  iron  filings  moiftened  with  diftilled  water  be  enclofed  in  a proper  veflel  to- 
gether with  phlogifticated  air,  there  is  a production  of  volatile  alkali,  as  is  {hewn  by 
the  change  of  colour  fuftained  by  a piece  of  paper  ftained  with  the  rind  of  blue  ra- 
difh,  and  included  within  the  glafs.  This  takes  place  in  the  courfe  of  twenty-four 
hours;  but  the  change  is  much  more  rapid  when  nitrous  air  is  ufed  inftead  of  phlo- 
gifticated air.  Volatile  alkali  is  generated  and  the  nitrous  air  is  converted  into  de- 
phlogifticated  nitrous  air,  which  Dr.  Auftin  *,  with  many  other  chemifts,  fuppofes 
to  confift  of  nitrous  air  deprived  of  a portion  of  phlogifticated  air,  or,  which  is  the 
fame  thing,  pofleffing  a furplus  of  vital.  But  if  fo,  why  fhould  it  not  contain  nitrous 
acid?  See  Acid,  nitrous,  page  38. 

AIR,  ATMOSPHERICAL,  or  Common.  The  immenfe  mafs  of  permanently 
elaftic  fluid  which  furrounds  the  globe  we  inhabit  muft  confift  of  a general  aflem- 
blage  of  every  kind  of  air  which  can  be  formed  by  the  various  bodies  that  compofe 
its  fur  face,  Moft  of  thefe,  however,  are  abforbed  by  water,  a number  of  them  are 
decompofed  by  combination  with  each  other,  and  fome  of  them  are  feldom  difen- 
gaged  in  confiderable  quantities  by  the  procelfes  of  nature.  Hence  it  is  that  the 
lower  atmofphere  confifts  of  vital  air  mixed  with  phlogifticated  air,  together  with 
moifture  and  the  occafional  vapors  or  exhalations  of  bodies.  The  upper  atmofphere 
feems  to  be  compofed  of  a large  proportion  of  inflammable  air,  a fluid  of  fo  much 
lefs  fpecific  gravity  than  any  other,  that  it  muft  naturally  afcend  to  the  higheft 
place,  where  being  occafionally  fet  on  fire  by  eledlricity,  it  appears  to  be  the  caufe  of 
the  aurora  borealis  and  fire-balls.  It  may  eafiiy  be  underftood,  that  this  will  only  hap- 
pen on  the  confines  of  the  refpe&ive  mafles  of  common  atmofpherical  air,  and  of  the 
inflammable  air;  that  the  combuftion  will  extend  progreffively,  though  rapidly,  in 
flaftiings  from  the  place  where  it  commences ; and  that  when  by  any  means  a dream 
of  inflammable  air,  in  its  progrefs  towards  the  upper  atmofphere,  is  fet  on  fire  at  one 
end,  its  ignition  may  be  much  more  rapid  than  what  happens  higher  up,  where  vital  air 
is  wanting,  and  at  the  fame  time  more  definite  in  its  figure  and  progreflion,  fo  as  to 
form  the  appearance  of  a fire-ball. 

That  the  air  of  the  atmofphere  is  fo  tranfparent  as  to  be  invifible,  except  by  the 
blue  colour  itreflefts  when  in  very  large  mafles,  as  is  feen  in  the  fky  or  region  above 
us,  or  in  viewing  extenfive  landfcapes ; that  it  is  without  fmell,  except  that  of  elec- 
tricity, which  it  fometimes  very  manifeftly  exhibits ; altogether  without  tafte,  and 
impalpable  ; not  condenfable  by  any  degree  of  cold  into  the  denfe  fluid  ftate,  though 
eafiiy  changing  its  dimenfions  with  its  temperature  ; that  it  gravitates  and  is  highly 
elaftic,  are  among  the  numerous  obfervations  and  difcoveries  which  do  honour  to  the 
fagacity  of  the  philofophers  of  the  laft  century.  They  likewife  knew  that  this  fluid 

* Phil.  Tranf,  vol.  lxxviii.  p.  384. 
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is  indifpenfably  neceflary  to  combuftion ; but  no  one  except  the  great,  though  ne- 
glefted,  John  Mayow,  appears  to  have  formed  any  proper  notion  of  its  manner  of 
adtingin  that  procefs. 

The  air  of  the  atmofphere,  like  other  fluids,  appears  to  be  capable  of  holding  bo- 
dies in  folution.  It  takes  up  water  in  confiderable  quantities,  with  a diminution  of 
its  own  fpecific  gravity  ; from  which  circumftance,  as  well  as  from  the  confideration 
that  water  rifes  very  plentifully  in  the  vaporous  ftate,  in  vacuo,  it  feems  probable 
that  the  air  fufpends  vapor,  not  fo  much  by  a real  folution,  as  by  keeping  its  parti- 
cles afunder,  and  preventing  their  condenfation.  Water  likewife  diflolves  or  ab- 
forbs  air. 

Mere  heating  or  cooling  does  not  affedt  the  chemical  properties  of  atmofpherical 
air;  but  adlual  combuftion,  or  any  procefs  of  the  fame  nature, converts  it  into  phlo- 
gifticated  air.  Whenever  a procefs  of  this  kind  is  carried  on  in  a veflel  containing 
atmofpherical  air,  which  is  enclofed  either  by  inverting  the  veflel  over  mercury,  or 
by  flopping  its  aperture  in  a proper  manner,  it  is  found  that  the  procefs  ceafes  after 
a certain  time;  and  that  the  remaining  air,  which  is  about  three  fourths  of  the  whole 
bulk,  is  of  fuch  a nature  as  to  be  incapable  of  maintaining  any  combuftion  for  a fe- 
cond  time,  or  of  fupporting  the  life  of  animals.  From  thefe  experiments  it  is  clear, 
that  one  of  the  following  dedudtions  muft  be  true  : i.  The  combuftible  body  has 

emitted  fome  principle,  which,  by  combining  with  the  air,  has  rendered  it  unfit  for 
the  purpofe  of  farther  combuftion  : Or,  2.  It  has  abforbed  part  of  the  zfir  which 
was  fit  for  that  purpofe,  and  has  left  a refidue  which  was  of  a different  nature  : Or, 
3.  Both  events  have  happened  ; namely,  that  the  pure  part  of  the  air  has  been  ab- 
forbed, and  a principle  has  been  emitted  which  has  changed  the  original  properties 
of  the  remainder. 

The  fadts  muft  clear  up  thefe  theories.  The  firft  indudlion  cannot  be  true,  be- 
caufe  the  refidual  air  is  not  only  of  lefs  bulk,  but  of  lefs  fpecific  gravity  than  before. 
The  air  cannot  therefore  have  received  fo  much  as  it  has  loft.  The  fecond  is  the 
dodtrine  of  the  philofophers,  who  deny  the  exiftence  of  phlogifton  on  a principle 
of  inflammability  ; and  the  third  muft  be  adopted  by  thofe  who  maintain  that  fuch 
a principle  efcapes  from  bodies  during  combuftion.  This  refidue  was  called  phlo- 
gifticated  air  in  confequence  of  fuch  an  opinion. 

In  the  opinion  that  inflammable  air  is  the  phlogifton,  it  is  not  neceflary  to  rejedt 
the  fecond  inference,  that  the  air  has  been  no  otherwife  changed  than  by  the  mere 
lubftradtio'n  of  one  of  its  principles  : for  the  pure  or  vital  part  of  the  air  may 
unite  with  inflammable  air  fuppofed  to  exift  in  a fixed  ftate  in  the  combuftible 
body  ; and  if  the  produdt  of  this  union  ftill  continues  fixed,  it  is  evident  that  the 
refidue  of  the  air  after  combuftion  will  be  the  fame  as  it  would  have  been  if  the  vi- 
tal part  had  been  abforbed  by  any  other  fixed  body.  Or,  if  the  vital  air  be  abforbed 
while  inflammable  air  or  phlogifton  is  difengaged,  and  unites  with  the  aeriform  refi- 
due, this  refidue  will  not  be  heavier  than  before,  unlefs  the  inflammable  air  it  has 
gained  exceeds  in  weight  the  vital  air  it  has  loft ; and  if  the  inflammable  air  falls  Ihort 
of  that  weight,  the  refidue  will  be  lighter. 

It  feems  moft  probable  that  the  air  of  the  atmofphere  confifts  of  a vital  and  a nox- 
ious part,  from  the  fadt  that,  when  fixed  bodies  have  been  burned  or  calcined  (for  ex- 
ample, mercury  converted  by  heat  into  precipitate  per  fe),  the  vital  air  may  be  again 
.extricated  from  them.  This,  inftead  of  being  mere  atmofpherical  air,  is  found  to  be 
much  more  effedtual  for  maintaining  combuftion,  and  is  almoft  totally  abforbed  in  that 
procefs,  inftead  of  leaving  a refidue  fuppofed  to  be  changed  by  phlogiftication. 
Hence  therefore  it  may  be  inferred,  that  the  air  called  phlogifticated  air  does  not  in 
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fad  receive  phlogifton  or  any  principle  in  combuftion  ; becaufe,  if  fuch  a principle 
were  emitted,  it  muft  in  fome  way  appear  in  the  fecond  combuftion  with  vital  air. 
And,  on  the  other  hand,  there  is  no  proof  that  phlogifticated  air  confifts  ofrefpirable 
or  vital  air  thus  changed  ; for  there  is  no  unequivocal  experiment  to  fhew  that  this 
kind  of  air  can  by  any  means  be  obtained  from  the  part  or  refidue  fuppofed  to 
be  phlogifticated. 

We  have  frequently,  however,  found  occafion  to  repeat  the  obfervation,  that  the 
theories  of  chemiftry  which  are  carried  farther  than  experiments  have  yet  proceeded, 
may  all  be  applied  without  manifeft  contradidion  in  the  explanation  of  the  pheno- 
mena ; though  the  fimpleft  indudions  are  certainly  to  be  preferred,  becaufe  the 
moft  readily  underftood,  the  moft  probable,  and  the  moft  eafily  redified  by  new 
fads  when  they  come  to  be  difcovered. 

The  general  fads  are,  that  combuftible  bodies  take  vital  air  from  the  atmofphere, 
and  leave  three  fourths  of  phlogifticated  air  ; and  that  when  thefe  two  fluids  are 
again  mixed,  in  the  proportion  of  one  fourth  of  vital  with  three  fourths  of  phlogifti- 
cated air,  they  compofe  a mixture  not  differing  from  atmofpherical  air  by  any  teft 
hitherto  difcovered. 

The  refpiration  of  animals  produces  the  fame  effed  on  atmofpherical  air  as  com- 
buftion does,  and  their  conftant  heat  appears  to  be  an  effed  of  the  fame  nature. 
When  an  animal  is  included  in  a limited  quantity  of  atmofpherical  air,  it  dies  as 
foon  as  the  air  is  vitiated,  and  no  other  air  will  maintain  animal  life  but  that  which 
maintains  combuftion  ; that  is  to  fay  vital  air,  or  a mixture  which  contains  it. 
Pure  vital  air  maintains  the  life  of  animals  much  longer  than  atmofpherical 
air. 

There  are  many  provifions  in  nature  by  which  the  proportion  of  vital  air  of  the 
atmofphere,  which  is  continually  abforbed  in  refpiration  and  combuftion,  is  again 
reftored  to  that  fluid.  In  fad  there  appears,  as  far  as  an  eftimate  can  be  formed  of 
the  great  and  general  operations  of  nature,  to  be  at  leaft  as  great  an  absorption  of 
the  phlogifticated  air  and  emiflion  of  vital  air  as  is  fufficient  to  keep  the  general 
mafs  of  the  atmofphere  at  the  fame  degree  of  purity.  Thus  in  volcanic  eruptions 
there  feems  to  be  at  leaft  as  much  vital  air  emitted  or  extricated  by  fire  from  various 
minerals  as  is  fufficient  to  maintain  the  combuftion,  and  perhaps  even  to  meliorate 
the  atmofpflere.  And  in  the  bodies  of  plants  and  animals,  which  appear  in  a great 
meafure  to  derive  their  fuftenance  and  augmentation  from  the  atmofphere  and  its 
contents,  it  is  found  that  a large  proportion  of  phlogifticated  air  exifts.  Moft  plants 
emit  vital  air  in  the  funfhine,  from  which  it  is  highly  probable  that  they  imbibe 
and  decompofe  the  air  of  the  atmofphere,  retaining  its  noxious  part,  and  emitting 
the  vital  part.  Laftly,  if  to  this  we  add  the  decompofition  of  water,  which,  though 
a contefted  point,  is  far  from  being  difproved,  there  will  be  numerous  occafions  in 
which  this  dodrine  will  fupply  us  with  difengaged  vital  air ; while  by  a very  ra- 
tional fuppofition  its  inflammable  part  may  be  confidered  as  having  entered  into 
the  bodies  of  plants  for  the  formation  of  oils,  fugars,  mucilages,  &c.  from  which  it 
may  be  again  extricated. 

To  determine  the  refpi rability  or  purity  of  air,  it  is  evident  that  recourfe  muft  be 
had  to  its  comparative  efficacy  in  maintaining  combuftion,  or  any  other  equivalent 
procefs.  Among  thefe  proceffes  the  acidification  of  nitrous  air  is  one  of  the  moft 
elegant  and  effedual.  This  aerial  fluid  {fee  Nitrous  Acid,  page  38)  is  not  ra- 
pidly imbibed  by  water,  and  may  therefore,  for  temporary  ufe,  be  received  over  it. 
Dr.  Prieftley  found,  by  a variety  of  experiments,  that  when  nitrous  air  and  any 
other, air  are  mixed,  they  undergo  no  change,  if  the  latter  be  totally  unfit  to  fupport 
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combuftion  or  animal  life  ; but  if  the  contrary,  the  red  cloud  is  formed,  and  the 
whole  bulk,  of  the  mixture  is  diminifhed  by  a quantity  which  is  fo  much  the  greater,, 
accordingly  as  the  air  in  queftion  is  of  a quality  more  fuited  to  thofe  purpofes.  This 
diminution  he  likewife  proved  to  confift  of  a proportional  part  of  the  air  which  is 
tried,  together  with  as  much  of  the  nitrous  air  as  is  required  to  produce  the  effedt ; 
fo  that  if  the  nitrous  air  be  duly  proportioned  to  the  effect  it  will  wholly  dif- 
appear. 

The  trial  of  the  purity  of  common  air  by  means  of  nitrous  air  has  not  however 
been  found  to  exhibit  fuch  remarkable  differences  between  the  air  taken  up  at  va- 
rious places  as  their  known  falubrity  or  unhealthinefs  might  have  afforded  reafon  to 
expedt.  Two  reafons  may  be  offered  to  account  for/this.  The  firft  is,  that  a frnall 
difference  in  the  purity  of  the  air  of  a place  may  have  a contiderable  effedt  on  the 
health  of  thofe  who  are  obliged  to  breathe  it  for  a long  fucceflion  of  time  : the  fe- 
cond  is,  that  the  effedts  of  nitrous  air  being  the  fame  upon  all  elaflic  fluids  which  con- 
tain equal  proportions  of  vital  air,  however  greatly  their  other  component  parts  may 
differ,  it  will  only  be  (hewn  that  the  airs  are  equally  falubrious,  as  far  as  depends  on 
their  proportion  of  vital  air,  though  they  may  be  by  no  means  fo  with  regard  to  their 
noxious  parts. 

There  are  feveral  ingenious  contrivances  called  Eudiometers  (which  fee)  for 
the  mixing  of  nitrous  and  other  airs,  and  meafuring  their  diminution.  As  thefe 
however  may  not  be  eafily  procured  in  particular  fituations,  and  more  efpecially  as 
Dr.  Prieflley,  whofe  experience  is  greater  than  that  of  any  other  philofopher,  does  not 
ufe  them,  it  feems  preferable  to  defcribe  his  method  inftead  of  any  other  in  this  place. 

He  firft  provides  a phial  containing  about  an  ounce  of  water,  which  he  calls  the 
air  meafure.  This  he  fills  with  air,  by  having  ’firft  filled  it  with  water,  and 
placed  it  over  the  funnel  in  the  fhelf  of  his  pneumatic  apparatus,  fig.  3,  and  when 
it  is  filled  he  Aides  it  along  the  fhelf,  always  obferving  that  there  be  a little  more  air 
than  is  wanted.  The  phial  being  thus  exadtly  filled  with  the  air  he  is  about  to  exa- 
mine, and  care  being  taken  that  it  be  not  warmed  by  holding  in  the  hand,  he  empties 
it  into  a jar  of  about  an  inch  and  a half  in  diameter,  and  then  introduces  to  it  the 
fame  meafure  of  nitrous  air,  and  lets  them  continue  together  about  two  minutes. 
The  dodtor  choofes  to  have  an  overplus  of  nitrous  air,  that  he  may  be  fure  that  its 
effedt  may  be  the  utmoft  poffible.  If  he  finds  the  diminution  of  thefe  two  mea- 
lures  to  be  very  confiderable,  he  introduces  another  meafure  of  nitrous  air ; but  the 
pureft  vital  air  will  not,  he  believes,  require  more  than  two  meafures  of  nitrous 
air. 

Sometimes  he  leaves  the  common  and  nitrous  air  in  the  jar  all  night,  or  a whole 
day ; but  he  always  takes  care,  whenever  he  compares  two  kinds  of  air,  that  both 
fhall  remain  the  fame  time  in  the  veftels  before  he  notes  die  degree  of  diminu- 
tion. 

When  the  preceding  part  of  the  procefs  is  over,  Be  transfers  the  air  into  a giafs 
tube  about  three  feet  long,  and  one  third  of  an  inch  wide,  carefully  graduated  ac- 
cording to  the  air  meafure,  and  divided  into  tenths  and  hundredth  parts,  fo  that  one 
of  the  hundredth  parts  will  be  about  one  fixth  or  one  eighth  of  an  inch.  Then  im- 
merfing  the  tube  in  a troughof  water,  fo  that  the  water  in  the  infide  of  the  tubefhall  be 
on  a level  with  the  water  on  the  outfide,  he  obferves  the  fpace  occupied  by  the  aerial 
mixture,  and  exprefles  the  refult  in  meafures  and  decimal  parts  of  a meafure  accord- 
ing to  the  graduation  of  the  tube. 

Thus  if  one  meafure  of  nitrous  air  be  added  to  one  of  another  aerial  fluid,  and 
the  remaining  mixture  after  diminution  be  i-j-Vs-  meafure,  he  lays,  in  Ihort,  that  the 
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meafure  of  the  teft  was  1.26.  But  if  two  meafures  of  nitrous  air  be  added,  he  is 
careful  to  mention  that  circumftance. 

It  is  fome  trouble  to  graduate  a tube  in  this  manner ; but  when  it  is  once  done 
the  application  of  it  is  extremely  eafy.  As  it  feldom  happens  that  a glafs  tube  is 
of  an  equal  diameter  throughout,  the  dodtor  generally  fills  that  part  of  the  tube 
which  contains  one  meafure,  with  quickfilver ; and  then  dividing  the  quickfilver 
into  ten  parts  by  weight,  he  puts  them  again  feparately  into  the  tube  in  order  to 
mark  the  primary  divifions.  The  weighing  is  rendered  very  eafy  by  the  help  of  a 
glafs  tube  drawn  to  a fine  orifice,  which  ferves  to  take  up  a finall  quantity  at  a time 
as  may  be  required  in  making  the  adjuftment. 

Common  or  atmofpherical  air  lofes  about  one  fourth  of  its  bulk  by  any  procefs 
equivalent  to  combuftion.  This  alfo  happens  when  it  is  mixed  with  a quantity  of 
nitrous  air  not  greater  than  fufficient  to  faturate  it.  In  this  cafe  the  nitrous  air  to- 
tally difappears,  as  is  proved  from  the  obfervation  that,  when  a fmall  quantity  of  ni- 
trous air  is  added  to  a large  quantity  of  atmofpherical  air,  the  remainder  is  always 
lefs  than  the  original  quantity  of  atmofpherical  air;  but,  on  the  contrary,  the  fmalleft 
quantity  of  atmofpherical  air  added  to  a large  quantity  of  nitrous  air  always  makes 
fome  addition  to  its  bulk,  notwithstanding  the  diminution  which  is  fuftained  by  the 
whole  mixture. 

The  electric  fpark  repeatedly  taken  in  common  air  diminishes  it  at  leaft  as  much 
as  any  other  kind  of  combuftion.  Nitrous  air  is  produced  in  this  procefs  ( fee  page 
33)  by  the  union  of  the  vital  and  phlogifticated  airs,  which  is  in  fadt  the  combuftion 
of  the  latter.  For  this  reafon  the  experiment  does  not  ferve  to  fhew  that  the  eledtric 
fpark  itfelf  is  any  thing  more  than  difengaged  heat,  if  indeed  heat  be  a feparate  fub- 
ftance. 

AIR,  FIXED.  The  acid  which  is  commonly  known  by  the  name  of  fixed  air, 
abounds  in  great  quantities  in  nature,  and  appears  to  be  produced  in  a variety  of 
circumftances.  It  compofes  about  one  third  of  the  weight  of  lime-ftone,  marble, 
calcareous  fpar,  and  other  natural  fpecimens  of  calcareous  earth,  from  which  it  may 
be  extricated  either  by  the  fimple  application  of  heat,  or  by  the  fuperior  affinity  of 
fome  other  acid ; moft  acids  having  a ftronger  adtion  on  bodies  than  this.  This  laft 
procefs  does  not  require  heat,  becaufe  fixed  air  is  Strongly  difpofed  to  affume  the 
elaftic  date.  Water,  under  the  common  preffure  of  the  atmofphere,  and  at  a low 
temperature,  abforbs  fomewhat  more  than  its  bulk  of  fixed  air,  and  then  constitutes 
a weak  acid.  If  the  preffure  be  greater,  the  abforption  is  augmented.  Heated 
water  abforbs  lefs ; and  if  water  impregnated  with  this  acid  be  expofed  on  a brifk 
fire,  the  rapid  efcape  of  the  aerial  bubbles  affords  an  appearance  as  if  the  water  were 
at  the  point  of  boiling,  when  the  heat  is  not  greater  than  the  hand  can  bear.  Conge- 
lation feparates  it  readily  and  completely  from  water ; but  no  degree  of  cold  or  pref- 
fure has  yet  exhibited  this  acid  in  a denfe  or  concentrated  ftate  of  fluidity. 

Fixed  air  is  nearly  twice  as  heavy  as  common  air,  and  for  that  reafon  occupies  the 
lower  parts  of  Such  mines  or  caverns  as  contain  materials  which  afford  it  by  decom- 
pofition.  The  miners  call  it  choke  damp.  The  Grotto  del  Cano,  in  the  kingdom  of 
Naples,  has  been  famous  for  ages  on  account  of  the  effedts  of  affratum  of  fixed  air 
which  covers  its  bottom.  It  is  a cave  or  hole  in  the  fide  of  a mountain,  near  the 
lake  Agnano,  meafuring  not  more  than  eighteen  feet  from  its  entrance  to  the  inner 
extremity ; where  if  a dog  or  other  animal  that  holds  down  its  head  be  thruft,  it  is 
immediately  killed  by  inhaling  this  noxious  fluid. 

Fixed  air  is  emitted  in  large  quantities  by  bodies  in  the  ftate  of  the  vinous  fermen- 
tation ( Jee  Fermentation),  and  on  account  of  its  great  weight  it  occupies  the 
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apparently  empty  fpace  or  upper  part  of  the  veffels  in  which  the  fermenting  pro- 
cefs  is  going  on.  A variety  of  ftriking  experiments  may  be  made  in  this  ftratum 
of  elaftic  fluid.  Lighted  paper,  or  a candle  dipped  into  it,  is  immediately  extin- 
guiihed ; and  the  finoke  remaining  in  the  fixed  air  renders  its  furface  vifible,  which 
may  be  thrown  into  waves  by  agitation  like  water.  If  a difh  of  water  be  immerfed 
in  this  air,  and  brilkly  agitated,  it  foon  becomes  impregnated,  and  obtains  the  vivid 
tafte  of  Pyrmont  water.  In  confequence  of  the  weight  of  the  fixed  air,  it  may  be 
dipped  out  in  a pitcher  or  bottle,  which,  if  well  corked,  may  be  ufed  to  convey  it 
to  great  diftances.  The  effeds  produced  by  pouring  this  invifible  fluid  from  one 
veffel  to  another  have  a very  Angular  appearance  : if  a candle  or  fmall  animal  be 
placed  in  a deep  veffel,  the  former  becomes  extind,  and  the  latter  expires  in  a few 
feconds,  after  the  fixed  air  is  poured  upon  them,  though  the  eye  is  incapable  of  dif- 
tinguifhing  any  thing  that  is  poured. 

When  vegetable  fubftances  are  expofed  to  a ftrong  heat  in  veffels  partly  clofed, 
the  volatile  principles  fly  off ; but  combuftion  does  not  take  place  for  want  of  air. 
The  fixed  refid ue  is  the  inflammable  fubffance  called  charcoal.  For  general  pur- 
pofes,  wood  is  converted  into  charcoal  by  building  it  up  in  a pyramidical  form,  and 
covering  the  pile  with  clay  or  earth,  leaving  a few  air  holes,  which  are  clofed  when 
the  mafs  is  perfedly  lighted,  and  by  that  means  the  combuftion  is  carried  on  in  an 
impeded  manner.  Common  charcoal  when  expofed  to  heat  in  clofed  veffels  gives 
out  a fmall  quantity  of  inflammable  air,  which  feems  extraneous  to  it ; and  if  it  be 
burned,  it  leaves  a fmall  portion  of  earth,  fixed  alkali,  and  other  falts.  The  greater 
part  of  charcoal  therefore  confifts  of  one  inflammable  fubftance  : and  it  is  found  that 
if  this  be  burned  in  a clofed  veffel  over  mercury  with  vital  air,  the  produd  is  fixed 
air,  and  nothing  elfe,  as  is  proved  by  the  refidue  after  the  fixed  air  has  been  abforbed 
by  cauftic  fixed  alkali ; for  there  is  either  no  aerial  refidue,  or  the  refidue  confifts  of 
vital  air  as  pure  as  at  firft  *. 

Hence  it  follows,  that  fixed  air  confifts  of  the  inflammable  matter  of  charcoal 
united  to  vital  air.  The  antiphlogiftian  philofophers  confider  this  matter  as  a pecu- 
liar combuftible  and  acidifiable  bafe,  and  thence  infer  the  prefence  of  charcoal  in 
all  cafes  where  fixed  air  is  extricated  or  produced  ; but,  on  the  other  hand,  feveral  of 
the  phlogiftians  think  themfelves  juftifiable  in  concluding  that  fixed  air  is  produced 
by  the  union  of  inflammable  air  with  vital  air,  when  either  of  them  is  in  the  nafcent 
Hate  or  ftate  of  extrication. 

When  the  eledric  fpark  f is  paffed  through  fixed  air  confined  by  mercury,  the 
volume  of  air  is  augmented  about  one  twenty-fourth  part  ; and  of  this  three  fifths 
are  abforbed  by  afolution  of  cauftic  alkali,  and  the  remainder  is  inflammable.  An 
eminent  philofopher  of  the  phlogiftic  opinion  fuppofes  this  effed  to  arife  from  the  de- 
compofition  of  the  fixed  air,  whofe  vital  air,  combining  more  intimately  with  part  of 
the  inflammable  air,  forms  water,  the  refidue  of  this  laft  air  being  difengaged.  But 
the  chemift  who  made  the  experiment,  accounts  for  it  as  follows,  without  fuppofing 
the  fixed  air  to  be  decompofed.  The  air  of  the  atmofphere  and  other  elaftic  fluids 
are  proved  by  experiment  to  be  capable  of  retaining  mercury  in  folution  ; fo  likewife 
in  all  probability  does  the  fixed  air;  and  they  all  retain  much  water.  Whenever 
therefore  the  eledric  fpark,  by  paffing  through  this  mixture  of  fixed  air,  mercury,  and 
water,  ignites  a minute  portion  of  it,,  the  vital  air  of  the  water  unites  with  and  cal- 

* Lavoifier  in  Mem.  Acad.  Par.  for  1781^.449. 

f This  experiment, .firft  performed  by  Mr.  Prieftley,  i.  248,  hasfince  been  repeated  by  Van  Marum  and 
others.  The  experiment  of  Mr.  Monge,  quoted  by  Kirwan  in  his  Eflay  on  Phlogifton,  p.  193,  fecond 
edition,  is  that  fpoken  of  in  the  text ; and  the  opinions  are  thofe  of  Meffrs.  Kirwan  and  Monge. 
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dnes  the  mercury,  while  the  inflammable  air  of  the  water  is  fet  at  liberty,  and  the 
fixed  air,  like  other  acids,  unites  to  the  mercurial  calx,  and  falls  down  with  it.  He 
fuppofes  from  analogy,  that  the  water  in  the  fixed  air  increafes  its  volume  by 
rarefying,  and  that  the  abftraCtion  of  the  water  occafions  a contraction,  while  the 
difengagement  of  the  inflammable  air  produces  a fomewhat  greater  augmentation 
of  bulks.  In  this  way,  fuppofing  the  water  and  mercury  to  be  prefent  in  fufficient 
quantity,  the  whole  of  the  fixed  air  may  enter  into  a folid  combination,  and  nothing 
remains  but  inflammable  air.  Additional  experiments  muft  however  be  made  be- 
fore either  opinion  can  be  eftablifhed. 

Fixed  air  does  not  appear  to  be  ftrongly  difpofed  to  unite  with  argillaceous  earth. 
Moft  clays  however  afford  a fmall  quantity  of  this  fluid  by  heat ; and  the  fnowy 
white  fubftance  refembling  chalk,  and  known  by  the  name  of  lac  lunas,  is  found  to 
confift  of  clay  faturated  with-fixed  air.  A faline  fubftance,  confiding  of  two  fix- 
fided  pyramids  joined  at  one  common  bafe,  weighing  five  or  fix  grains,  and  of  a 
tafte  fomewhat  refembling  alum,  was  produced  by  leaving  an  ounce  phial  of  water, 
impregnated  with  fixed  air  and  a redundancy  of  earth  of  alum,  expofed  to  fponta- 
neous  evaporation  for  fome  months. 

Calcareous  earth  and  fixed  air  have  a ftrong  attraction  for  each  other.  Moft  of  the 
fpecimens  of  calcareous  earth  abound  with  this  acid  ; and  the  immediate  precipita- 
tion of  lime  from  lime-water  is  the  teft  of  the  prefence  of  this  acid. 

Ponderous  earth  combines  very  ftrongly  with  fixed  air.  This  compound  has  been 
found  in  England  and  elfewhere. 

Magnefia  unites  readily  to  a large  proportion  of  fixed  air. 

The  ufual  method  of  procuring  magnefia  is  by  precipitation  from  a folution  of 
Epfom  fait,  by  adding  an  alkali  which  combines  with  the  acid.  When  a mild  fixed 
alkali  is  ufed,  it  is  neceflary  that  the  faline  folutions  fhould  be  boiling  hot,  and  the 
ebullition  continued  for  a fhort  time,  in  order  to  diflipate  a portion  of  fixed  air, 
which  would  hold  part  of  the  magnefia  in  folution.  From  this  caufe  it  is,  that  per- 
fectly mild  vegetable  alkali  affords  no  precipitate  when  added  to  a folution  * of 
Epfom  fait  at  the  temperature  of  6o°.  The  mineral  alkali,  which  contains  lefs  fixed 
air  than  the  cryftallized  vegetable  alkali,  likewife  affords  but  a fmall  quantity  of 
precipitate,  unlefs  heat  be  applied.  Mild  volatile  alkali  alfo  pofleffes  the  property 
of  affording  no  precipitate  when  added  to  a folution  of  Epfom  fait  in  the  cold.  With 
a greater  heat  magnefia  is  feparated,  and  at  a boiling  heat  it  is  again  taken  up,  moft 
probably  forming  a triple  fait  compofed  of  vitriolic  acid  united  to  volatile  alkali 
and  magnefia.  The  faline  combination  of  magnefia  and  fixed  air  is  feparated  in 
cryftals  from  all  thefe  cold  folutions  by  (landing  uncovered  ; during  which  time  the 
fixed  air  which  held  the  magnefia  in  folution  is  no  doubt  gradually  diflipated.  The 
cryftals  afforded  when  vegetable  alkali  is  ufed  are  contaminated  with  vitriolated 
tartar,  which  feparates  at  the  fame  time  : thofe  obtained  by  mineral  alkali  are 
finer  and  purer ; but  the  moft  beautiful  and  pureft  are  obtained  by  leaving  the  folu- 
tion to  which  volatile  alkali  has  been  added,  expofed  for  fome  days  in  an  oblong 
veflel. 

This  cryftallized  aerated  magnefia  has  ufually  the  form  of  fix-fided  prifms.  It 
is  almoft  taftelefs ; efflorefces  in  the  air ; becomes  pulverent  by  heat  by  the  lofs  of 

* One  part  Epfom  fait,  diffolved  in  fix  parts  of  water,  was  mixed  with  one  part  of  cryftallized  vegetable 
alkali,  diffolved  in  five  parts  water.  Confult  Fourcroy  in  the  Annales  dc  Chimie,  ii.  282,  from  whence  the 
whole  of  this  article  refpe&ing  aerated  magnefia  is  taken. 

its 


A I R 


A 1 R 


[ 36  ] 

its  fixed  air  and  water;  is  foluble  in  about  forty  times  its  weight  of  water,  at  the 
temperature  of  55 °.  Half  its  weight  confids  of  fixed  air,  one  fourth  water,  and  one 
fourth  magnefia ; whereas  the  common  aerated  magnefia  obtained  by  rapid  preci- 
pitation contains  forty  parts  magnefia,  forty-eight  fixed  air,  and  twelve  water. 

All  the  earthy  combinations  of  fixed  air  are  nearly  infoluble  in  water  ; they  are 
all  more  foluble  with  an  excefs  of  that  acid  than  in  mere  water ; and  they  all  give 
out  their  fixed  air  by  heat,  except  the  native  fpecimen  of  aerated  ponderous  earth. 
This  lad  contains  no  water;  and  water  feems  to  be  effentially  neceffary  to  enable 
bodies  to  affume  the  aerial  form. 

Fixed  air  has  no  aftion  upon  filiceous  earth. 

The  three  alkalis  form  concrete  cryftallizable  falts  when  united  with  fixed  air, 
which  being  in  fad:  neutral  falts,  are  much  lefs  adive  than  the  cauftic  or  pure  alkalis 
themfelves.  Thefe  falts  (till  continue  to  be  called  the  mild  alkalis,  becaufe  the  fixed 
air,  though  it  forms  a large  proportion  of  their  weight,  is  difplaced  by  mod  other 
acids,  and  therefore  does  not  obvioufly  feem  to  impair  their  alkaline  properties : 
befides  which,  as  this  volatile  acid  flies  off  in  the  eladic  form,  and  is  lod  in  com- 
mon experiments  (exhibiting  no  other  indication  of  its  prefence  than  the  violent 
ebullition  which  accompanies  its  efcape),  it  was  formerly  overlooked,  and  even  at 
the  prefent  time  is  not  always  fufficiently  attended  to. 

Alkaline  air  and  fixed  air  unite,  and  form  the  concrete  volatile  alkali. 

The  combination  of  fixed  air  with  inflammable  fubdances  has  not  been  accu- 
rately examined.  Metallic  calces  ufually  contain  more  or  lefs  of  this  acid.  Plum- 
bago or  black  lead  is  the  mod  remarkable  compound  into  which  it  enters.  This 
affords  much  fixed  air ; but  chemids  are  not  agreed  with  refpedt  to  its  combudible 
part,  fome  confidering  it  as  the  mere  principle  of  inflammability,  and  others  afferting 
it  to  be  iron.  See  Plumbago,  and  alfo  Iron. 

AIR,  HEPATIC.  The  foetid  vapor  which  is  emitted  by  fulphureous  com- 
pounds has  long  fince  given  rife  to  various  conjedtures  among  the  writers  on  chemi- 
cal fubjedts  ; but  it  was  not  properly  attended  to  until  the  great  Scheele  examined 
its  properties  in  the  permanently  eladic  form.  This  excellent  chemid  combined 
fulphur  by  fufion  with  quicklime,  with  manganefe,  and  with  fixed  alkali.  It  ap- 
pears from  thefadts  that  water  was  prefent  in  thefe  operations.  ; The  air  which  was  col- 
lected is  the  peculiar  fluid  fince  difiinguifhed  by  the  name  of  hepatic  air.  He  alfo 
found  that  fulphur  diddled  with  charcoal  afforded  the  fame  eladic  fluid  ; that  ful- 
phur heated  alone  in  a retort  with  common  air  occafioned  no  change  in  its  dimen- 
fions,  though  its  purity  was  diminifhed.  The  change  of  dimenfions  mud  have  been 
too  fmall  to  be  perceived  by  the  method  at  that  time  ufed  by  Scheele.  When  the 
fame  experiment  was  repeated  with  inflammable  air,  the  fluid  acquired  the  fmell  of 
hepatic  air,  but  differed  from  that  fluid  in  not  being  foluble  in  water.  This  acute  ob- 
ferver  afcertained  mod  of  the  general  properties  of  hepatic  air,  and  concluded  that 
it  is  a compound  of  fulphur  and  phlogidon  with  the  matter  of  heat. 

Bergman*,  Senebierf,  Gengembre  and  Kirwan  §,  have  fince  made  this 
fluid  an  objectjaf  fuccefsful  refearch.  Its  general  properties  have  been  fince  com- 
pared and  elucidated  according  to  the  French  or  antiphlogidic  theory  by  M.  Four- 
croy  (j,  who  entirely  adopts  the  ideas  of  M.  Gengembre,  and  confiders  it  as  a com- 
pound of  fulphur  and  inflammable  air. 

To  obtain  hepatic  air,  liver  of  fulphur  made  by  fufion  of  fulphur  with  an  alkali  is 

* On  the  artificial  preparation  of  medicated  waters,  Eflays,  vol.  i.  f Recherches  fur  l’Air  Inflam- 
mable. f Sjavans  Etrangers,  vol.  1.  § Phil.  Tranf.  1785.  ||  Acad.  Par.  for  1786. 
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placed  in  a body  or  glafs  veffel  provided  with  a recurved  tube,  and  an  acid  is  poured 
upon  it.  The  hepatic  air  is  then  difengaged  with  a confiderable  effervefcence,  and 
may  be  collected  either  over  water  or  mercury.  If  water  be  ufed,  it  is  neceffary  that 
it  fhould  be  heated  to  80  or  90  degrees,  at  which  temperature  it  diffolves  very  little ; 
and  from  the  experiments  of  M.  Senebier  it  feems  that  hepatic  air  is  partly  decom- 
pofed  by  mercury,  and  therefore  ought  not  to  be  received  over  that  fluid.  It  mull 
not  however  be  difguifed,  that  the  valuable  courfe  of  experiments  of  Mr.  Kirwan, 
referred  to  in  the  preceding  paragraph,  were  all  made  over  mercury,  without  any 
inconvenience  or  apprehenfion,  though  that  philofopher  had  the  experiments  of  M. 
Senebier  before  him,  and  quotes  this  very  fadt  as  a reafon  why  the  experiments  of 
the  Genevan  chemift  are  not  to  be  depended  on.  It  was  the  opinion  of  Bergman 
that  the  hepatic  air  exifts  ready  formed  in  the  hepar  ; but  from  the  experiments  of 
M.  Gengembre  and  Kirwan,  it  is  afcertained  that  the  hepar  does  not  afford  it  by 
heat  unlefs  water  be  prefent  : infomuch  that  after  the  common  air  of  the  retort,  and 
the  fixed  air  which  may  be  contained  in  the  alkali,  have  paffed  over,  there  is  no 
more  air  afforded,  and  the  fulphur  fublimes  alone  when  the  temperature  is  raifed  to 
ignition.  But  as  the  former  has  obferved,  the  addition  of  a fmall  quantity  of  water 
enables  it  to  give  out  a great  quantity  of  hepatic  air  by  diftiilation.  Hence  it  fol- 
lows, either  that  the  water  afforded  one  of  the  principles  of  the  hepatic  air,  or  that 
the  prefence  of  this  fluid  is  neceffary  to  the  aeriform  ftate.  Another  experiment 
feems  to  fhew  this  in  a more  decifive  light.  If  marine  acid  air  be  added  to  very  dry 
liver  of  fulphur  in  powder,  it  turns  it  white  ; the  fulphur  is  feparated  without  any 
apparent  commotion,  and  very  little  hepatic  air  is  produced.  The  fmall  quantity  of 
water  in  the  acid  air  feems  to  be  the  caufe  of  this  laft  circumftance  ; and  though  it 
may  indeed  be  urged,  with  confiderable  probability,  that  the  water  already  exifting 
in  the  acid  air  ought  to  have  been  fufficient  to  have  produced  the  hepatic  air  accord- 
ing to  either  theory,  yet  it  mud  be  admitted  that  the  neutral  fait  produced  by  the 
combination  of  the  acid  and  alkali  might  have  abforbed  the  whole.  This  experi- 
ment, if  repeated  witl/fhe  addition  of  a fmall  quantity  of  water,  is  attended  with  effer- 
vefcence and  the  difengagement  of  hepatic  gas. 

M.  Gengembre  is  of  opinion  that  the  effeft  of  water  in  the  production  of  hepatic 
gas  arifes  from  its  decompofition.  For  though,  according  to  the  various  experi- 
ments in  which  water  is  fuppofed  to  differ  decompofition,  it  has  not  been  fihewn  that 
the  alkali,  nor  indeed  the  fulphur,  can  feparate  its  principles,  yet  it  is  urged  that,  in 
conformity  to  many  other  examples  in  chemiftry,  the  attraction  of  the  fulphur  for 
vital  air,  by  which  it  is  converted  into  vitriolic  acid,  is  greatly  forwarded  by  the  at- 
traction which  the  alkali  has  to  that  acid,  and  by  virtue  of  which  it  therefore  affifts 
the  combination.  In  this  way  then,  according  to  the  antiphlogiftians,  it  is  that  the 
vital  air  of  water  is  difpofeclof  to  convert  one  part  of  the  fulphur  into  vitriolic  acid, 
while  the  other  principle,  namely  inflammable  air,  is  taken  to  combine  with 
another  portion  of  the  fulphur,  and  form  hepatic  air. 

When  iron  and  fulphur  are  mixed  together  with  a little  water,  they  afford  a large 
quantity  of  hepatic  air  by  diftiilation,  and  the  refidue  contains  the  fait  of  iron  united 
to  vitriolic  acid  ; and  folikewife,  when  the  alkaline  hepar  is  diftilled  with  water,  this 
air  is  emitted,  and  the  refidue  contains  the  neutral  fait  formed  by  the  combination  of 
alkali  with  vitriolic  acid.  In  thefe  and  fimilar  experiments  the  maintainers  of  the 
ancient  theory  muft  fay  that  part  of  the  fulphur  is  converted  into  vitriolic  acid  by  the 
lofsof  its  phlogifton,  and  that,  according  to  Scheele’s  inference,  the  difengaged  phlo- 
gifton  uniting  with  another  portion  of  the  fulphur,  together  with  the  matter  of  heat, 
forms  the  hepatic  air  : and  the  abfolute  necdfity  of  water  to  the  aeriform  ftate  will 
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account  for  the  experiments  not Succeeding  without  that  fluid.  It  muft  be  confeffed, 
however,  that  in  the  folution  of  thefe  fafts  the  antiphlogiftic  theory  feems  to  pofTefs 
the  advantage,  if  the  compounded  nature  of  water  be  admitted;  and  even  in  that 
leading  difpute  it  affords  no  fmall  probability  that  water  really  contains  vital  air  : 
for  numerous  facfts  fhew  that  vitriolic  acid  contains  vital  air,  and  we  know  of  none 
which  fhew  that  either  fulphur,  or  iron,  or  alkali  contain  it.  But  as  the  fulphur  be- 
comes vitriolic  acid,  it  muft  have  derived  vital  air  from  fome  of  the  principles, 
and  the  water  is  the  only  one  fufpedted  of  containing  it.  In  this  way,  the  decom- 
pofition  of  water  and  the  volatilization  of  fulphur  in  combination  with  inflammable 
air,  may  be  applied  to  account  for  the  various  hepatic  exhalations  emitted  from  fuch 
animal  and  vegetable  fubftances  as  are  known  to  contain  fulphur. 

In  Mr.  Kirwan’s  excellent  feries  of  experiments  on  hepatic  air  received  over  mer- 
cury, we  find  that  the  marine  acid  is  the  beft  adapted  to  the  production  of  this  air  ; 
that  nitrous  acid  affords  nitrous  air  alfo  unlefs  it  be  greatly  diluted that  concentrated 
vitriolic  acid  indeed  decompofes  the  liver  of  fulphur,  but  with  the  extrication  of 
little  air,  unlefs  afiifted  by  heat ; that  when  the  proportion  of  fulphur  in  the  hepar 
much  exceeds  that  of. the  alkali,  the  ftrong  vitriolic  acid  poured  upon  it  emits  vitrio- 
lic acid  very  much  loaded  with  fulphur,  which  it  depofits  in  the  courfeof  a few  hours 
with  the  lofs  of  at  leaft  five  fixths  of  its  former  dimenfions.  He  found  that  oil  of 
olives,  charcoal,  and  alfo  fugar,  afforded  hepatic  air  by  diftillation  with  fulphur,  the 
latter  of  which  had  the  fmell  of  onions ; but  that  plumbago  afforded  none. 

The  fame  chemifl,  in  his  endeavours  to  combine  fulphur  with  elaftic  fluids,  ob- 
tained the  following  refults.  Sulphur  heated  in  a retort  with  inflammable  air  ac- 
quired an  hepatic  fmell,  but  afforded  no  hepatic  air.  Liver  of  fulphur  expofed  to 
fixed  air  for  five  days,  at  the  temperature  of  70°,  became  fomewhat  whitened  on  the 
furface,  and  the  air  had  not  an  hepatic  fmell,  but  rather  that  of  bread.  The  fixed  air 
feems  to  have  received  a fmall  acceflion  of  fulphur  or  of  hepatic  air.  Little  effedt 
was  produced  by  expofing  fulphur  to  marine  acid  air  in  a common  tempera- 
ture. 

M.  Haffenfratz  * attempted  to  difcover  the  nature  of  fulphureous  airs  by  fyn- 
thefis.  For  this  purpofe  he  pafled  fixed  air  through  fulphur  in  fufion,  and  the  produdt 
was  a fulphureous  fixed  air  which  precipitated  lime-water,  and  parted  at  the  fame 
time  with  its  fulphur,  which  was  either  left  on  the  furface  of  the  water,  or  fent  in 
a cloud  to  the  bottom  together  with  the  calcareous  earth.  Nitrous  air  by  the  fame 
treatment  diffolved  fome  fulphur,  which  it  let  fall  when  it  was  mixed  with  vital  air. 
Phlogifticated  air  alfo  took  up  a portion  of  fulphur  which  feparated  by  Handing  over 
water.  Vital  air  converted  part  of  the  fulphur  into  volatile  vitriolic  acid,  or  vitrio 
lie  acid  air,  which  was  abforbed ; and  another  portion  of  the  vital  air  fuftained  a 
part  of  the  fulphur  undecompofed,  which  fell  down  when  the  vital  air  was  united 
with  nitrous  air,  or  detonated  with  inflammable  air.  Atmofpherical  air  produced  an 
effect  correfpondent  to  that  of  a mixture  of  vital  and  phlogifticated  air.  And  laftly, 
inflammable  air,  pafled  through  fulphur  in  fufion,  produced  hepatic  air. 

Mr.  Kirwan  has  obferved  however,  that  no  one  has  yet  decompofed  hepatic  air, 
foas  to  leave  the  inflammable  air  behind.  The  general  charafter  of  his  hepatic  air 
received  over  mercury  were  the  following  : Its  fpecific  gravity  was  greater  than  that 
of  common  air  in  the  ratio  of  1 1 to  10,  when  the  barometer  flood  at  29.94  inches, 
and  the  thermometer  at  6ji°.  It  is  inflammable,  but  never  detonates  with  common 

* Phil.  Tranf.  lxxvii.  p.  305. 
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air,  and  a very  confiderable  proportion  of  this  laft  fluid  is  required  to  enable  it  to  be 
fired  in  a narrow-mouthed  veflel.  M.  Senebier  did  not  find  that  his  air  received 
over  water  could  be  fired  by  the  eledtric  fpark,  though  mixed  with  any  proportion 
of  refpirable  air.  When  hepatic  air  is  burned  there  is  a continual  depofition  of 
fulphur.  Nitrous  air  enables  hepatic  air  to  burn  partially  ; but  equal  proportions  of 
vital  and  hepatic  air  explode  with  great  violence. 

Every  fpecies  of  hepatic  air  indicates  a flight  acidity  by  turning  the  tindture  of 
litmus  red,  even  though  it  has  been  walked  in  water,  or  previoufly  difl'olved  in  and 
expelled  from  that  fluid.  With  refpedt  to  folubility  in  water,  the  hepatic  airs  ex- 
tracted from  different  materials  vary  confiderably.  In  the  temperature  of  66° 
Mr.  Kirwan  found  that  water  by  flight  agitation  diflolves  two  thirds  of  its  bulk  of  alka- 
line or  calcareous  hepatic  air  extradted  by  marine  acid  ; eight  tenths  of  that  ex- 
tracted by  means  of  the  concentrated  vitriolic,  or  the  dilute  nitrous  or  faccharine 
acids,  at  the  temperature  of  6o°;  feven  tenths  of  that  obtained  by  the  acid  of  bo- 
rax ; nine  tenths  when  acetous  acid  is  ufed,  or  when  fulphur  is  boiled  with  oil  of 
olives ; and  its  own  bulk  of  that  produced  by  heating  a mixture  of  fugar  and 
fulphur.  In  general  Mr.  Kirwan  imagined  that  which  required  the  mofl  heat  for  its 
production  to  be  the  mofl;  foluble;  though  in  fome  inftances,  particularly  that  of 
acetous  hepatic  air,  he  obferves  that  this  circumftance  did  not  take  place.  The’moft 
remarkable  phenomenon  refpeCting  the  folution  of  hepatic  air  in  water  is,  that  though 
it  is  not  expelled  by  water  at  a lefs  heat  than  that  of  ebullition,  yet  it  is  fpontaneoufly 
feparated  in  a few  days,  for  the  mofl;  part  in  the  form  of  fulphur,  which  falls  down, 
and  this  though  the  bottle  be  ever  fo  well  flopped. 

The  aCtion  of  hepatic  and  other  aerial  fluids  on  each  other  was  alfo  afcertained  by 
this  chemift.  Equal  parts  of  common  and  hepatic  air  Handing  over  mercury  for 
eight  days  did  not  fuffer  any  change,  though  the  furface  of  the  mercury  was  flightly 
blackened.  The  fame  experiment  was  repeated  with  vital  air,  phlogifticated  air,  in- 
flammable air,  marine  acid  air,  and  fixed  air,  without  any  change  denoting  mutual 
adtion.  Vitriolic  acid  air  produced  a depofition  of  fulphur,  and  a very  great  dimi- 
nution ; infomuch  that  fix  meafures  of  hepatic  air  added  at  intervals  to  five  of  vi- 
triolic air,  left  a refidue  of  three  meafures  only.  This  refidue  was  not  affeCted  by 
nitrous  air  ; extinguilhed  flame ; and  one  meafure  of  water  agitated  with  two  mea- 
fures of  this  refidue,  abforbed  four  tenths  of  its  bulk,  and  left  phlogifticated  air  be- 
hind. The  water  appeared  to  have  taken  up  a minute  portion  of  vitriolic  acid. 
When  the  precipitated  fulphur  was  walhed  with  water,  this  fluid  was  found  to  con- 
tain fome  fixed  air  and  a confiderable  portion  of  vitriolic  acid. 

Nitrous  air  in  its  ufual  ftate,  in  the  proportion  of  nine  meafures  to  eight  of  the 
hepatic  air,  afforded  a yellowifti  cloud  of  fulphur  with  a diminution  of  about  two 
meafures,  which  in  the  courfe  of  forty-eight  hours  increafed  fo  much,  that  the  refi- 
due was  no  more  than  fix  meafures.  The  top  and  fides  of  the  jar  were  then  covered 
with  a cake  of  fulphur,  and  the  aerial  refidue  was  the  fluid  called  dephlogifticated 
nitrous  air,  in  which  a candle  burns  naturally. 

When  nitrous  air  was  deprived  of  its  adventitious  acid  by  mixture  with  alkaline 
air,  and  wafhing  with  diftilled  water,  it  appeared  to  lofe  about  one  fixth  of  its  bulk. 
Hepatic  air,  in  the  proportion  of  7 to  8,  being  admitted  to  this  nitrous  air,  produced 
no  immediate  effeCt;  but  in  fix  hours,  under  the  temperature  of  720,  the  whole  was  re- 
duced to  5 parts  or  cubic  inches,  and  a much  whiter  fulphur  was  depofited  than  in 
the  preceding  experiment.  This  air  flalhed  with  fo  much  violence  as  tQ  extinguifh 
a candle  dipped  into  it.  The  flame  was  exceedingly  white  and  vivid,  and  from  its 
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other  properties  this  air  Teemed  to  be  in  the  moft  perfed  ftage  of  that  ftate  which 
Dr.  Prieftley  calls  dephlogifticated,  and  in  which  it  certainly  appears  to  be  highly 
difpofed  to  part  with  its  vital  air  in  a red  heat.  See  Acid,  nitrous,  page  31. 

Alkaline  and  hepatic  airs  nearly  deftroy  each  other.  Mr.  Kirwan  mixed  equal 
parts  of  hepatic  air  from  liver  of  fulphur  and  of  alkaline  air.  A white  cloud  was 
produced,  which  left  a whitifh  fcum  on  the  lides  of  the  jar,  and  the  mixture  was  re- 
duced to  one  twelfth  part  of  its  original  bulk.  Of  this  refidue  half  was  abforbed  by 
water,  and  the  remainder  feemed  to  be  common  air  of  the  veflels.  Seven  meafures 
of  very  pure  alkaline  air  being  added  to  fix  of  calcareous  hepatic  air,  a white  cloud 
and  a little  white  fcum  at  firft  appeared;  but  in  a few  feconds  the  whole  was  reduced 
to  fix  fevenths  of  a meafure,  which  was  all  abforbed  by  the  addition  of  tv/o  meafures 
of  water,  except  one  ninth  of  a meafure,  and  this  refidue  extinguifhed  a candle. 
The  fcum  appears  to  be  almoft  liquid,  and  as  Toon  as  the  jar  is  emptied  of  mercury, 
it  breaks  out  into  a white  fmoke  with  an  exceedingly  fliarp  urinous  fmell.  In  his 
experiments,  by  adding  alkaline  air  to  the  hepatic  airs  obtained  from  fulphur  and 
iron,  and  alfo  from  fulphur  and  fugar,  the  diminution  was  nearly  as  confiderable,. 
though  very  flow  in  the  laft  cafe,  and  the  fmall  refidues  unabforbed  by  water  were 
inflammable  air. 

Mr.  Kirwan  alfo  examined  the  mutual  adlion  of  hepatic  air,  and  acid,  alkaline,  and 
inflammable  liquors.  One  meafure  of  concentrated  vitriolic  acid  abforbed  two  mea- 
fures of  hepatic  air,  except  one  tenth  of  a meafure,  and  became  whitened  by  a co- 
pious depofltion  of  fulphur.  It  was  difficult  to  mix  it  with  nitrous  acid  without  di- 
luting it  fo  as  not  to  a<ft  upon  mercury;  but  when  the  acid  was  fo  far  diluted,  it  ab- 
forbed eight  tenths  of  its  bulk  of  hepatic  air,  pafled  through  the  mercury,  and  the 
refiduum  detonated  when  the  hepatic  air  from  iron  and  fulphur  was  ufed ; but  when 
the  alkaline  hepatic  air  was  ufed,  the  refiduum  did  not  detonate,  but  burned  with  a 
blue  and  greenifih  flame,  and  fulphur  was  depofited  on  the  fides  of  the  jar.  Two  mea- 
fures of  alkaline  hepatic  air  being  expofed  to  one  of  ftrong  marine  acid,  were  abforbed 
by  flight  agitation  all  but  one  fifth  of  a meafure.  A third  of  a meafure  being  added, 
there  remained,  after  fome  agitation,  but  half  a meafure.  Sulphur  was  precipitated  as 
ufual ; but  the  mercury  over  which  the  acid  flood  attracted  it  from  the  acid,  for  it 
was  blackened,  which  did  not  happen  when  the  former  acids  were  ufed.  The  refi- 
duum burned  juft  as  pure  hepatic  air.  Diftilled  vinegar  abforbs  nearly  its  own  bulk 
of  air,  and  becomes  flightly  whitened  ; but  by  agitation  it  may  be  made  to  take  up 
about  twice  its  bulk,  and  then  becomes  very  turbid. 

One  meafure  of  cauftic  vegetable  alkali,  of  the  fpecific  gravity  of  1-043,  abforbed 
nearly  four  meafures  of  alkaline  hepatic  air,  which  rendered  it  at  firft  brown,  though 
it  afterwards  became  clear  by  the  depofition  of  fulphur  upon  the  face  of  the  mercury. 
Cauftic  volatile  alkali,  of  the  fpecific  gravity  ofio. 9387,  abforbed  18  times  its  bulk  of 
hepatic  air ; and  Mr.  Kirwan,  from  the  circumftance  that  the  greater  the  quantity  of 
alkali  the  greater  the  abforption,  thinks  this  the  beft  method  of  determining  the 
ftrength  or  real  contents  of  fuch  alkaline  liquors.  The  fmoking  liquor  of  Boyle  is 
prepared  with  great  facility  by  impregnating  cauftic  volatile  alkali  with  hepatic 
air. 

Mr.  Kirwan  proceeds  in  his  paper  to  relate  his  experiments  on  the  combinations 
of  hepatic  air  with  oil  of  olives,  new  milk,  oil  of  turpentine,  fpirit  of  wine,  and  ether. 
Heafcertains  more  minutely  the  properties  of  water,  and  alfo  of  alkaline  liquors  im- 
pregnated with  alkaline  air;  and  then  treats  of  the  theory  of  this  elaftic  fluid,  in 
which  he  avails  himfelf  of  the  modern  doftrine  of  heat  with  peculiar  felicity. 

He  finds  it  difficult  to  conclude  that  hepatic  air  confifts  of  any  thing  elfe  than 
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fulphur  itfelf  kept  in  an  aerial  ftate  by  the  matter  of  heat ; and  in  particular  he  takes 
notice  that  every  attempt  to  extract  inflammable  air  from  hepatic  air,  when  drawn  from 
materials  that  previoufly  contained  nothing  inflammable,  proved  abortive  ; though, 
an  the  contrary,'  when  it  was  procured  from  fuch  materials  as  could  fupply  inflam- 
mable air,  the  fmalleft  proportion  of  that  fluid  was  detected.  He  (hews  that  it  can- 
not confift  of  liver  of  fulphur  volatilized;  becaufe  it  may  be  extracted  from  mate- 
rials, fuch  as  iron,  fugar,  oil,  and  charcoal,  which  either  contain  no  alkali,  or  a quan- 
tity altogether  inconfiderable ; and  becaufe  it  is  not  decompofable  by  marine  or 
fixed  air,  which  neverthelefs  decompofe  the  liver  of  fulphur.  Neither  can  he  admit 
of  the  fuppolition  that  the  fulphur  in  this  air  is  fuftained  in  folution  by  the  marine  or 
vitriolic  airs,  becaufe  it  is  producible  from  materials  which  contain  neither  of  thele 
acids ; and  from  whatever  fubjedt  it  is  obtained,  it  exhibits  the  charadters  of  one  and 
the  fame  acid,  namely,  the  vitriolic  exceedingly  weakened  : and  fuch  an  acid,  he 
obferves,  we  may  fuppofe  fulphur  itfelf  to  be  ; for  fulphur  unites  with  alkalis,  cal- 
careous and  ponderous  earths,  and  moft  metals,  as  a weak  acid  might ; and,  except  a 
manifeft  folubility  in  water  (a  property  likewife  poflefled  in  a very  weak  degree  by 
fome  other  concrete  acids),  it  exhibits  every  charadter  of  acidity. 

After  thus  rejedting  the  principal  pofitions  refpedting  the  other  compound  matter 
which  unites  with  fulphur  in  the  compofition  of  hepatic  air,  our  author  continues  to 
ftate  that  Scheele  has  afcertained  that  the  matter  of  heat  enters  into  its  compofition. 
This  chemift  found  that  acids  excited  much  lefs  heat  in  uniting  with  liver  of  fulphur, 
whether  alkaline  or  calcareous,  than  while  uniting  with  a proportion  of  cauftic  fixed 
alkali  or  lime  equal  to  that  which  enters  into  the  compofition  of  thofe  livers ; 
whence  he  juftly  infers  that  the  difference  enters  into  the  compofition  of  the  hepatic 
air  produced.  Mr.  Kirwan,  to  prove  the  fame  thing,  added  marine  felenite  and  ma- 
rine Epfom  to  folutions  of  liver  of  fulphur,  and  found  that  the  hepar  was  really  de- 
compofed,  though  no  hepatic  air  was  afforded  : for  the  acid,  he  obferves,  having 
given  out  its  fpecific  heat  in  uniting  with  the  earths,  had  none  to  lofe  or  commu- 
nicate on  uniting  with  the  alkali,  and  confequently  the  fulphur  receiving  none, 
could  not  be  thrown  into  the  aerial  ftate. 

It  is  remarkable,  continues  he,  that  bodies  capable  of  an  aerial  form  receive  the 
latent  heat  neceflary  for  that  form  much  more  readily  from  a body  that  parts  with 
its  fpecific  heat  than  by  the  mere  application  of  fenfible  heat.  Thus  aerated  barytes, 
or  the  native  combination  of  ponderous  earth  with  fixed  air,  cannot  be  decompofed 
by  mere  heat,  though  its  air  is  eafily  feparated  from  it  by  an  acid  ; and  in  the  fame 
manner  antimony  cannot  be  cleared  of  fulphur  even  by  vitrifadtion,  though  it  may  by 
acids:  fo  liver  of  fulphur  will  not  give  hepatic  air  by  mere  heat,  though  it  will  by 
the  intervention  of  an  acid,  even  the  weakeft.  And  the  reafon  he  ftates  to  be  this  : 
The  matter  of  heat  has  no  particular  affinity  with  any  fubftance,  as  is  evident  from 
its  pafling  indifferently  from  any  hot  body  to  a colder,  of  whatever  fort  or  kind 
the  bodies  may  be  ; but  it  is  determined  to  unite  with  this  or  that  body  in  a latent 
ftate,  in  greater  or  lefs  quantity,  in  proportion  to  the  greater  or  lefs  capacity  of  thofe 
bodies  to  receive  it.  Now  acids,  by  uniting  to  the  alkaline  bafis  of  the  liver  of  ful- 
phur, expel  the  fulphur,  and  give  it  their  heat  at  the  inftant  the  fulphur  by  its  fe- 
paration  has  the  capacity  to  receive  it : whereas  fenfible  external  heat,  adting  alike  on 
both  the  conftituent  parts  of  liver  of  fulphur,  feparates  neither ; or  if  it  feparate  them, 
yet  by  its  fucceffive  adtion  it  throws  one  of  them  into  a vaporous  ftate  firft ; and  bo- 
dies that  firft  acquire  this  ftate  can  never  after,  he  affirms,  acquire  an  aerial  ftate  by 
any  fubfequent  acceflion  of  heat. 

He  thinks  that  the  vitriolic  and  nitrous  acids  are  lefs  adapted  than  the  marine  to 
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the  production  of  hepatic  air,  mod  probably  becaufe  they  have  a ftronger  attra&ion 
to  the  fulphur,  and  fo  detain  it. 

He  accounts  for  the  condenfation  of  hepatic  air  in  water,  from  its  great  aptitude  to 
give  out  its  latent  heat,  particularly  when  in  contaCt  with  fubftances  to  which  it  has 
any  affinity.  The  precipitation  of  metals  he  afcribes  partly  to  its  phlogifticating 
the  acids,  and  partly  to  its  union  with  the  metals  themfelves. 

The  union  and  condenfation  of  hepatic  and  alkaline  airs  are  readily  accounted  for 
by  him,  from  the  known  affinity  or  elective  attraction  of  thefe  fubftances  to  each 
other  : and  for  the  contrary  reafon  it  is  as  eafily  underftood  why  common  dephlo- 
gifticated,  inflammable,  and  phlogifticated  airs  have  fo  little  a&ion  upon  it.  The 
ftrong  aCtion  of  vitriolic  air  is  confidered  by  him  as  pretty  evidently  arifing  from 
attraction,  as  is  likewife  the  condenfation  of  nitrous  air  : but  thefe  circumstances 
certainly  require  to  be  further  inveftigated  in  any  theory. 

On  the  whole  therefore  we  may  obferve,  that  the  theory  of  the  compofition  of 
hepatic  air  from  a combination  of  inflammable  air  and  fulphur  being  proved  by  no 
direCt  experiment  but  that  concifely  related  by  Haffenfratz  in  the  Philofophical 
TranfaCtions,  and  inferred  in  other  inftances  from  the  difputed  doCtrine  of  the  decom- 
pofltion  of  water,  labours  under  feveral  difficulties.  This  decompofition  is  doubtful; 
the  theory  does  not  account  for  fuch  decompofition  taking  place  in  the  common 
inftancewhere  fulphur  is  feparated  from  the  hepar  by  an  acid,  and  moft  of  the  faCts  it 
infills  upon  may  be  as  well  explained  upon  Mr.  Kirwan’s  theory.  But,  on  the  other 
hand,  Mr.  Kirwan’s  theory,  though  it  opens  an  extenfive  field  of  refearch  highly  wor- 
thy of  the  utmoft  attention  of  chemifts,  labours  under  difficulties  perhaps  of  equal 
magnitude.  The  materiality  of  heat  is  a contefted  point;  and  though  the  general 
faCts  may  be  treated  of  without  neceffarily  requiring  a decifion  of  this  great  quef- 
tion,  yet  there  are  fo  few  yet  inveftigated,  that  the  tranfitions  of  heat  in  particular 
inftances  do  not  Hand  much  higher,  for  want  of  experimental  proof,  than  any  other 
ingenious  hypothefis,  which,  though  it  may  be  true,  does  not  command  our  whole 
afl'ent  till  farther  proofs  are  exhibited.  If  the  heat  excited  by  chemical  mixtures  be 
fuppofed  to  depend  on  peculiar  motions,  the  inferences  refpeCting  the  changes  of 
temperature  in  chemical  operations  will  take  a different  form ; and  in  decompofi- 
tions,  where  four  principles  are  concerned,  the  defeCt  of  elaftic  matter  may  be  af- 
cribed  to  the  effeCt  of  double  affinities  by  thofe  who  are  difpofed  to  rejeCt  the  doc- 
trine of  the  tranfidon  of  a matter  of  heat  : and  laftly,  though  liver  of  fulphur  emits 
no  hepatic  air  by  mere  heat,  though  it  will  by  the  intervention  of  an  acid,  and  this  is 
Hated  to  depend  on  the  acid  giving  out  its  latent  heat  when  it  enters  into  combina- 
tion with  the  alkali ; yet  the  fame  doCtrine  feems  infufficient  to  account  for  the  pro- 
duction of  hepatic  air  from  liver  of  fulphur  when  heated  with  mere  water,  unlefs  the 
water  be  fuppofed  alfo  to  have  given  out  its  heat  in  combining  with  the  alkali.  In 
this  cafe  we  ought  therefore  to  find  water,  alkali,  and  fulphur  ; whereas  in  faCt  we  find 
alkali  and  vitriolic  acid  : fo  that  the  water  muft  either  have  dephlogifticated  the  ful- 
phur, or  afforded  vital  air,  and  by  that  means  have  converted  it  into  vitriolic 
acid. 

From  thefe  obfervations  it  appears  that  feveral  experiments  require  to  be  made, 
and  carefully  repeated,  before  we  can  with  certainty  conftder  ourfelves  in  poffeffion 
of  a complete  theory  of  hepatic  air.  And  thefe  refearches  are  fo  much  the  more  de- 
firable,  as  they  nearly  relate  to  the  great  queftions  of  the  compofition  of  water  and  the 
conftitution  of  acids. 

AlPv,  INFLAMMABLE.  All  animal  or  vegetable  fubftances  which  can  be 
burned  by  heating  in  the  open  air,  will  afford  inflammable  air  if  heated  in  clofed 
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veflels.  It  appears  however  to  be  a general  rule  or  condition,  that  water  fliould  be 
prefent  in  every  cafe  wherein  inflammable  air  is  produced,  whether  it  be  that  this 
elaftic  fluid  is  mod:  frequently  afforded  by  the  decompofition  of  water,  or  whether 
it  be  indifpenfably  requifite  that  water  fliould  be  prefent,  and  form  part  of  every  per- 
manently elaftic  fluid.  The  inflammable  air  of  animal  or  vegetable  bodies  is  ufually 
mixed  with  air  of  other  kinds,  and  with  oleaginous  or  other  immediate  principles 
that  are  volatilized,  and  commonly  remain  fufpended  for  an  unlimited  time.  Some 
of  the  metallic  fubftances,  during  their  folution  in  acids,  or  when  ignited  in  contaCt 
with  water  or  fleam,  emit  or  extricate  inflammable  air,  which  is  confidered  to  be 
the  pureft  of  any. 

Chemifts  are  not  agreed  whether  inflammable  air  in  all  its  varieties  do  confift  of 
one  and  the  fame  matter  vitiated  by  the  admixture  or  folution  of  other  fubftances, 
or  whether  thefe  feveral  kinds  differ  eflentially  from  each  other.  Mr.  Kirwan  con- 
fiders  it  as  phlogifton  nearly  pure,  and  confequently  infers  that  it  efcapes  or  is  difen- 
gaged  in  thecombuftion  or  calcination  of  metals,  as  it  certainly  doesin  all  theordinary 
instances  of  combuftion.  The  philofophers  who  hold  this  opinion  muft  therefore 
moft  eminently  maintain  that  pure  inflammable  air  is  one  and  the  fame  fubftance, 
and  that  all  combuftible  bodies  whatever  confift  of  this  identical  matter  combined 
with  other  bafes,  by  which  its  apparent  properties  are  varied.  The  chemifts  of  the 
antiphlogiftian  fchool,  though  they  do  not  admit  of  any  general  principle  or  caufe  of 
combuftibility,  except  a ftrong  attraction  for  vital  air,  are  neverthelefs  of  opinion 
that  pure  inflammable  air  is  one  of  the  fimpleft  bodies  in  nature,  capable  of  difl'olving 
and  fufpending  a great  variety  of  bodies,  and  that  all  the  inflammable  fluids  yet  dif- 
covered  are  nothing  more  than  inflammable  air  holding  other  bodies  in  folution. 
They  have  accordingly  availed  themfelves  of  this  pofition,  together  with  the  decom- 
pofition of  water,  to  account  in  a very  elegant  manner  for  many  of  the  phenomena  of 
nature  and  art.  See  Hepatic  Air  ; Vegetable  Kingdom;  Water. 

The  procefs  for  obtaining  inflammable  air  in  its  pureft  ftate  conflfts  in  difl'olving 
metallic  bodies  in  acids,  and  collecting  the  elaftic  fluid  which  efcapes  during  the  ef- 
fervefcence  that  takes  place.  Thefe  operations  are  treated  of  under  the  refpe&ive 
metals.  That  moft  commonly  ufed  conflfts  in  difl'olving  iron  (havings  or  wire  in 
diluted  vitriolic  acid.  The  fpecific  gravity  of  this  inflammable  air  is  ufually  about 
one  tenth  of  the  common  air  of  the  atmofphere,  but  it  is  faid  to  have  been  obtained 
feventeen  times  lighter.  Of  this  however  I very  much  doubt.  From  this  extreme 
rarity  it  has  been  applied  to  float  air-balloons,  the  inftances  of  which  are  too  nume- 
rous, and  have  too  ftrongly  claimed  the  public  attention,  to  be  recited  in  this  place. 
Inflammable  air,  like  every  other  permanently  elaftic  fluid  which  does  not  contain 
vital  air,  is  incapable  of  maintaining  combuftion,  or  of  taking  fire  by  the  eleCtric 
fpark,  though  it  be  itfelf  eminently  inflammable  when  vital  air  is  prefent. 

It  is  remarkable  that  all  the  acids  which  are  capable  of  affording  air  by  the  folu- 
tion of  metals  give  inflammable  air  when  the  folution  is  properly  conducted  for  that 
purpofe,  the  nitrous  acid  excepted.  But  this  acid,  whether  it  be  concentrated  or  di- 
luted, affords  only  nitrous  air  more  or  lefs  modified.  From  this  and  other  circum- 
ftances,  the  antiphlogiftic  philofophers  have  inferred  that  the  inflammable  air  which 
appears  during  the  folution  of  metals  is  in  all  cafes  produced  by  the  decompofition 
of  the  water  with  which  the  acid  is  diluted,  and  that  the  acid  anfwers  no  other 
purpofe  in  thefe  operations  than  to  facilitate  the  decompofition  by  virtue  of  its  at- 
traction for  the  metallic  calx:  that  is  to  fay,  according  to  this  theory,  of  which  Mr. 
de  la  Place  is  the  author,  the  metal  confidered  as  a Ample  fubftance  attraCls  vital  air 
from  the  water,  but  not  with  fufficient  force  to  decompofe  that  fluid,  if  it  were  not  for 
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the  add  which  tends  to  diffolve  this  compound  or  metallic  calx,  and  by  that  means 
facilitates  the  decompofition  of  the  water.  The  other  principle  of  the  decompofed 
water,  namely  the  inflammable  air,  flies  off.  See  Metals. 

The  fame  queflion  concerning  the  decompofition  of  water,  and  the  exidence  of 
phlogidon  or  inflammable  air  in  metals,  continually  prefents  itfelf  in  accounting  for 
the  calcination  and  redu&ion  of  thofe  bodies  by  either  of  the  two  theories  of  che- 
rnidry.  A large  quantity  of  inflammable  air  is  afforded  when  the  fleam  of  water  is 
caufed  to  pafs  through  a red  hot  iron  tube,  and  indeed  the  fame  effe&takes  place  when 
iron  is  immerfed  for  a length  of  time  in  pure  water,  though  the  quantity  of  inflam- 
mable air  is  not  confiderable.  The  iron  itfelf  is  converted  into  that  kind  of  calx 
which  is  known  at  the  forges  by  the  name  of  finery  cinder.  If  this  calx  be  heated 
with  the  burning  glafs  in  inflammable  air,  its  metallic  flate  is  redored,  and  water  ap- 
pears. Here  alfo  the  antiphlogiftians  conclude  that  the  water  is  decompofed,  and 
again  recompofed,  during  the  revival  of  the  iron.  But  the  phlogidian  philofophers 
confider  the  inflammable  air  as  confiding  chiefly  of  phlogidon,  which  they  date  to 
be  one  of  the  component  parts  of  the  iron  ; and  confequent-ly  they  infer  that  dnery 
cinder  confids  of  water  united  to  the  calx  of  iron,  or  iron  deprived  of  its  phlogidon  ; 
and  in  the  procefs  of  revivification  they  affirm,  that  the  indammable  air  or  its  phlo- 
gidon has  combined  with  the  calx  of  iron,  and  expelled  the  water  which  accordingly 
appears. 

We  have  had  frequent  occafion  to  date  the  compofition  of  water  as  being  formed 
of  vital  and  inflammable  air  in  due  proportions  united  at  a red  heat ; and  under  the  ar- 
ticle Water  wehave  dated  the  experiments  and  inductions  upon  which  this  pofition 
depends.  We  diall  therefore  only  remark  in  this  place,  that  the  combudion  of  vital 
and  inflammable  air  affords  water  in  very  confiderable  quantities,  together  with  ni- 
trous acid  and  fixed  air  ; and  that  the  antiphlogidians  confider  water  as  compounded 
of  the  two  fird,  while  they  fuppofe  the  latter  to  be  impurities  arifing  from  the  pre- 
fence  of  phlogidicated  air  and  charcoal  (Jee  Acid,  nitrous;  and  Air,  fixed):  but 
that,  on  the  other  hand.  Dr.  Priedley,  and  feveral  of  the  chemids  who  believe  in  the 
exidence  of  phlogidon,  think  that  the  two  airs  produce  nitrous  acid  and  fixed  air, 
according  to  the  date  of  the  combudion,  and  that  the  water  which  appears  is  nothing 
elfe  but  that  which  pre-exided  in  the  airs,  and  is  effential  to  their  date  of  eladic  flu- 
idity. 

The  eleCtric  fpark  taken  in  any  kind  of  oil  produces  inflammable  air,  and  the 
fame  is  the  cafe  with  ether,  except  that  this  lad  is  abforbable  by  water,  all  but  one 
third,  which  refidue  is  the  indammable  part.  It  is  probable  that  the  abforbed  part 
is  vitriolic  acid  air.  Spirit  of  wine  likewife  affords  indammable  air  by  the  fame 
procefs.  Dr.  Priedley  obferves,  that  the  eleClric  fpark  probably  afforded  the  heat 
which  is  necefiary  to  give  the  permanently  eladic  date  to  the  indammable  part  and 
the  water  contained  in  thefe  duids. 

In  the  extrication  of  indammable  air  by  heat  from  combudible  fubdances  the  ma- 
nagement mud  be  different  according  to  their  refpe&ive  natures.  If  the  fubdances 
be  fiuid,  heat  applied  to  them  direCtly  makes  no  change  in  their  conditution,  except 
by  volatilizing  fome  of  their  principles,  and  decompofing  the  folid  refidues.  But 
when  duids  are  made  to  pafs  in  the  form  of  vapour  through  tubes  previoudy  made  red 
hot,  in  which  they  are  neceffarily  expofed  to  a red  heat  themfelves,  they  are  readily 
decompofed.  Two  ounces  of  fpirit  of  wine  by  this  treatment  afforded  about  1900 
ounces  of  indammable  air,  which  burned  with  a white  dame,  and  had  no  mixture  of 
fixed  air,  which  from  experiment  was  found  to  weigh  about  633  grains,  and  the  watery 
reliduum  was  168  grains : fo  that  there  were  20  grains  either  lod  in  the  operation, 
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or  not  accounted  for  in  the  eftimate  or  inferred  ftate  of  the  weight  of  the  aerial  pro- 
duct. Vitriolic  ether  alfo  afforded  much  inflammable  air  without  any  fixed,  as  did 
alfo  fpiritof  turpentine  and  olive  oil  mixed  with  whiting.  From  other  experiments 
it  is  clearly  afcertained  that  flame  conflfts  of  inflammable  air  extricated  from  com- 
buftible  bodies  by  heat,  and  taking  fire  by  virtue  of  that  heat  and  the  accefs  of  at- 
mofpheric  air. 

Sulphur  inclofed  in  an  earthen  'tube,  and  melted,  affords  inflammable  air  when 
fleam  is  paffed  over  it.  This  is  of  the  fame  quality  as  is  procured  from  iron  by  vi- 
triolic acid  ; and  confequently  affords  the  fame  field  for  difcuflion  refpefting  the  de- 
compofition  of  the  water,  or  the  phlogifton  of  the  fulphur,  as  preferred  itfelf  in  that 
cafe. 

Inflammable  air  abforbed  by  hot  charcoal,  and  again  expelled  by  immerfion  in 
water,  does  not  appear  to  have  undergone  any  remarkable  change  in  its  properties: 
neither  is  it  rendered  lefs  inflammable  by  the  putrefaction  of  animal  or  vegetable 
fubftances  in  it.  Plants  alfo  grow  in  this  fluid,  without  impairing  its  inflammability. 
Water  imbibes  about  one  thirteenth  of  its  bulk  of  this  air,  which  being  afterwards 
expelled  by  heat  proved  as  inflammable  as  ever.  Dr.  Prieftley  found  however  that 
it  became  converted  into  refpirable  air  by  agitation  in  water : doubtlefs  by  the 
gradual  admixture  with  the  external  air;  for  Haffenfratz  * appears  to  have  clearly 
decided  that  water  kept  in  contaCl  with  inflammable  air  for  three  years  makes  no 
alteration  in  the  properties  of  that  aerial  fluid. 

The  eleCtric  fpark  taken  in  inflammable  air  has  a red  colour,  but  does  not  pro- 
duce any  other  change  in  it  but  the  depofition  of  a fmall  quantity  of  acid  f,  which 
is  probably  extraneous  to  it.  Change  of  temperature  only  changes  its  dimenflons  for 
the  time,  when  it  has  free  liberty  to  expand  : but  when  this  fluid  is  expofed  to  a red 
heat  in  a flint  glafs  tube  hermetically  fealed,  it  renders  its  furface  perfectly  black,  moft 
probably  by  reviving  part  of  the  calx  of  lead  which  enters  into  the  compofition  of 
that  body.  This  is  rendered  nearly  certain  by  heating  minium  in  the  black  tube, 
which  immediately  reftores  its  tranfparency,  no  doubt  by  virtue  of  the  pure  air  which 
it  is  known  to  emit  by  heat,  and  which  again  calcines  the  lead  in  the  glafs,  while  the 
minium  itfelf  approaches  towaids  the  metallic  ftate. 

The  revival  of  metals  by  heating  them  with  a burning  glafs  in  inflammable  air 
over  mercury  affords  matter  for  fpeculation  of  the  moft  interefting  nature,  and  is  ex- 
plained according  to  both  the  theories  of  chemifty.  The  general  faCts  are,  that  the 
calces  of  lead,  iron,  mercury,  and  other  metals,  are  reduced  more  or  lefs  to  the  me- 
tallic ftate  by  fuch  treatment,  while  part  of  the  inflammable  air  difappears,  and  water 
is  produced,  the  metals  being,  as  in  other  cafes,  of  lefs  abfolute  weight  than  the  calces 
from  which  they  were  obtained.  It  muft  be  confefled  that  thefe  experiments  being 
upon  fo  fmall  a fcale,  afford  room  for  controver.fy  refpeCling  the  quantity  and  even 
the  nature  of  the  products;  but  taking  the  refults  as  here  ftated,  the  inferences  ac- 
cording to  the  feveral  theories  will  be,  firft,  according  to  the  phlogiftic  theory  it 
muft  be  concluded  that  the  inflammable  air  fupplies  phlogifton  to  the  metal  and  re- 
duces it,  and  that  the  water  has  been  either  emitted  by  the  calx,  or  depolited  by  the 
inflammable  air,  the  former  of  which  is  rendered  probable  from  the  power  of  calcining 
many  of  them  by  mere  heating  in  contact  with  fceam,  and  die  latter  from  a variety  of 
fafts  ; or,  according  to  the  modern  theory,  the  inflammable  air  unites  with  the  vital 
air  of  the  calx,  and  forms  water,  while  the  metal  becomes  reduced  limply  by  the  lofs 
of  the  air  which  calcined  it.  This  is  fomewhat  Ampler ; becaufe,  according  to  the 
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other  explanation,  there  muft  be  two  ways  of  calcining  metals,  one  by  combining 
.hem  with  water,  and  the  other  with  vital  air;  a circumltance  which  however  is  very 
far  from  being  improbable. 

Charcoal,  which  by  heat,  in  contact  with  vital  air,  affords  fixed  air  (fee  page  84), 
produces  fixed  air,  together  with  an  heavy  kind  of  inflammable  air,  when  fleam  is 
pafled  over  it  in  a flate  of  ignition.  This  is  concluded  by  Dr.  Prieftley,  and  many 
other  chemifts,  to  be  an  intimate  combination  of  fixed  air  and  inflammable  air;  as 
indeed  feems  to  be  fufficiently  proved  by  burning  it  with  vital  air,  in  which  cafe  a 
very  confiderable  refidue  of  fixed  air  is  left.  In  fome  cafes,  however,  the  quantity 
of  fixed  air  thus  obtained  exceeds  the  whole  weight  of  the  inflammable  air  made  ufe 
of ; a circumflance  from  which  Dr.  Prieftley  infers,  that  the  fixed  air  is  produced  by 
a combination  of  the  vital  air  with  part  of  the  inflammable  air.  But  the  French  che- 
mifts, who  confider  fixed  air  as  an  acid  compofed  of  vital  air,  united  with  a peculiar 
balls  which  forms  the  greateft  part  of  the  weight  of  charcoal,  find  no  difficulty  in 
accounting  for  this  furplus  of  weight  in  the  fixed  air  afforded  or  left  after  burning 
the  heavy  inflammable  air  : for  they  flate,  that  this  lafl  aerial  fluid  confifts  of  light 
inflammable  air  holding  charcoal  as  the  bafe  of  fixed  air  in  folution  ; and  they  eafily 
admit  that  this  balls  may  require  more  vital  air  to  acidify  it,  than  it  before  required  of 
inflammable  air  to  difiolve  it ; in  which  cafe  the  fixed  air  will  really  be  the  heavieft ; 
not  to  mention  that  this  fixed  air  may  fufpend  a larger  quantity  of  water  than  the 
denfe  inflammable  air  was  capable  of  fupporting. 

The  inflammable  air  of  marfbes,  which  is  emitted  from  the  waters  of  (landing 
pools,  drains,  or  privies,  is  the  fame  as  is  produced  by  the  putrefadion  of  organized 
fubflances,  efpecially  animal  matters,  in  water.  It  is  emitted  either  before  or  after 
the  produdion  of  the  volatile  alkali  which  is  afforded  by  this  lad  ftageof  fpontaneous 
decompofition.  When  it  is  confumed  by  detonation  with  vital  air,  it  leaves  a refidue 
of  phlogiflicated  air,  and  appears  to  differ  from  volatile  alkali  in  the  proportion  of  its 
principles  and  their  want  of  combination,  and  alfo  probably  in  the  admixture  of 
fulphur  or  phofphorus  in  fome  cafes,  which  may  render  it  hepatic.  It  would  not 
be  difficult  to  exhibit  fituations  in  which  inflammable  air  and  phlogiflicated  air  might 
be  emitted  from  putrefying  fubflances  without  combining  together,  either  in  confe- 
quence  of  their  rapid  acquifition  of  the  elaflic  flate,  in  which,  either  by  the  interpo- 
fition  of  the  matter  of  heat  in  a latent  flate,  or  more  probably  by  the  particles  being 
thrown  beyond  the  ufual  limits  of  chemical  attradion,  they  would  be  kept  apart : but 
this  fubjed  demands  to  be  farther  profecuted  by  experimental  refearch.  See  Water; 
Iron;  Phlogiston. 

AIR,  MARINE,  or  Marine  Acid  Atr.  The  marine  acid  readily  aflumes 
the  permanently  elaflic  flate  by  the  application  of  heat,  or  by  expelling  it  from 
combinations  in  which  the  difengaged  acid  does  not  meet  with  a fufficient  quantity 
of  water  to  hold  it  in  folution.  For  the  general  properties  of  this  aeriform  acid,  fee 
Acid,  marine. 

AIR,  MARINE,  AERATED,  or  DEPHLOGISTICATED.  See  Acid, 
marine,  aerated,  or  dgphlogisticated. 

AIR,  NITROUS.  This  air  is  a modification  of  the  nitrous  acid  from  which 
part  of  its  vital  air  has  been  feparated,  at  the  fame  time  that,  according  to  the  fol- 
lowers of  Stahl,  it  has  received  phlogiflon  or  the  principle  of  inflammability.  See 
Acid,  nitrous. 

AIR,  NITROUS,  DEPHLOGISTICATED.  The  nitrous  acid  upon  its  de- 
compofition  or  phlogiflication  is  deprived  of  vital  air,  and  receives  phlogiflon  ac- 
cording to  the  ancient  theory.  During  this  progrefs  of  change  it  becomes  red  ni- 
trous acid,  nitrous  air,  dephlogifticated  nitrous  air,  and  laftly,  phlogiflicated  air. 
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The  dephlogifticated  nitrous  air,  which  is  remarkable  for  its  want  of  acidity,  like  the 
air  called  nitrous  air,  and  its  refemblance  to  vital  air  in  maintaining  combuftion, 
though  like  phlogifticated  air  it  is  fatal  to  animal  life,  is  produced  only  in  certain 
circumftances.  Its  conftitution  has  not  yet  been  clearly  inveftigated  ;and  chemifts 
have  either  fuppofed  it  to  poffefs  more  vital  air,  and  lefs  phlogifton,  than  nitrous 
air,  or  the  contrary,  accordingly  as  their  attention  was  fixed  upon  one  or  other  of 
its  feyeral  properties.  To  fne  it  feems  to  be  a triple  compound  of  viral  air,  phlo- 
gifticated air,  and  inflammable  air  j and  that  the  extrication  of  the  former  principle 
is  facilitated,  in  certain  circumftances,  by  the  difpofition  of  the  two  latter  to  combine, 
and  form  volatile  alkali.  But  experiments  are  wanting  to  decide  on  this  fubjedl. 
See  Acid,  nitrous. 

AIR,  PHLOGISTICATED.  The  refidue  of  common  air  vitiated  by  com- 
buftion,  or  any  other  procefs  by  which  phlogifton  is  fuppofed  to  be  extricated,  is 
mod  commonly  known  by  the  name  of  phlogifticated  air.  The  French  call  it  azote ; 
and  fome  chemifts  diftinguifh  it  by  the  name  of  mephitis,  or  mephitic  gas;  none 
of  which  terms  indeed  denote  any  property  exclufively  pofleffed  by  this  elaftic  fluid, 
though  preferable  to  the  former  denomination,  which  refers  to  a fuppofition  neither 
proved  nor  generally  admitted.  It  is  not  however  our  bufinefs  to  change  the  names 
which  are  generally  found  in  the  writings  of  the  beft  chemifts ; and  for  this  reafon 
we  treat  of  it  by  the  former  appellation. 

The  charadteriftic properties  of  thefeveral  permanently  elaftic  fluids  are  in  general 
very  eafy  to  be  exhibited.  Thus  vital  air  maintains  combuftion,  and  acidifies  nitrous  air; 
fixed  air  is  abforbed  by  lime-water,  and  precipitates  the  lime  in  a mild  ftate ; alkaline 
air  forms  a white  cloud  with  acids,  befides  exhibiting  its  own  peculiar  fmell ; nitrous 
air  fpeedily  forms  nitrous  acid  by  combining  with  vital  air.  And  the  other  airs  have 
alfo  their  refpedtive  criterions,  which  may  be  feen  by  confulting  the  feveral  articles. 
Phlogifticated  air  however  feems,  in  general,  to  have  been  diftinguifhed  in  no  other 
way  than  by  its  not  poflefling  any  of  the  diftinctive  marks  of  the  other  known  airs  : 
fo  that,  in  all  operations,  the  aerial  refidues  which  exhibited  neither  acid  nor  alkaline 
properties,  nor  were  abforbed  by  water,  nor  affedled  other  kinds  of  air  by  combining 
with  them  and  altering  their  dimenfions,  have  been  called  phlogifticated  air.  The 
pofitive  properties  beft  calculated  to  diftinguifh  this  kind  of  air  from  every  other,  are, 
its  forming  nitrous  acid  by  mixture  with  vital  air,  and  eledtrization  ; and  its  forming 
volatile  alkali  by  combination  with  inflammable  air.  The  firft  of  thefe  operations  is 
very  long,  and  the  latter,  though  continually  performed  by  nature,  cannot  be  done 
with  any  degree  of  facility  .in  the  operations  of  art ; becaufe  the  elaftic  ftate  of  the 
two  fluids  prevents  their  combination.  See  Acid,  nitrous,  page  33 ; and  alfo  Air, 
ALKALINE,  page  73 78. 

Among  the  great  number  of  procefles  by  which  the  air  of  the  atmofphere  may  be 
rendered  noxious,  or  deprived  of  its  refpirable  part,  it  is  evident  that  fome  of  them 
will  be  better  calculated  than  others  to  afford  the  refidue  of  phlogifticated  air  un- 
mixed with  other  elaftic  fluids.  The  combuftion  of  phofphorus  affording  an  acid 
not  at  all  volatile  is  one  of  the  beft  methods,  but  by  no  means  among  the  cheapeft. 
When  common  air  is  expofed  to  liver  of  fulphur,  or  to  iron  filings  and  fulphur  moif- 
tened,  it  becomes  completely  diverted  of  vital  or  dephlogifticated  air  ; but  in  the  firft 
cafe  the  emiffion  of  hepatic  air  caufes  an  impurity  in  the  refidue,  and  in  the  latter  there 
is  not  only  an  emiflion  of  inflammable  air,  but  likewife  a formation  of  volatile  alkali 
by  the  combination  of  the  inflammable  air  in  the  nafcent  ftate  with  part  of  the 
phlogifticated  air.  The  air  bladder  of  the  carp  contains  phlogifticated  air  of  confi- 
derable  purity ; but  this  can  be  obtained  only  at  certain  feafons  when  the  fifh  are  in 
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plenty.  The  pureft  phlogifticated  air  is  faid  to  be  that  which  is  obtained  by  caufing 
the  dephlogifticated  or  aerated  marine  acid,  as  it  is  difengaged  in  the  aerial  form,  to 
be  received  in  a bottle  containing  the  moil  pure  volatile  alkali.  In  this  cafe  the 
volatile  alkali  is  decompofed  ; its  inflammable  air  combines  with  the  vital  air  of  the 
marine  acid,  while  its  phlogifticated  air  is  emitted. 

The  excellent  Berthollet,  in  his  enquiries  into  the  nature  of  animal  fubftances, 
found  that  phlogifticated  air,  or  its  bafe,  compofes  a large  proportion  of  their  maffes. 
He  draws  this  inference  from  the  confideration,  that  it  is  difengaged  in  large  quan- 
tities by  the  application  of  a weak  nitrous  acid  at  a moderate  temperature  (fee 
page  40).  M.  de  Fourcroy  * has  repeated,  and  extended  thefe  experiments,  and 
finds, 

1.  That  azote  (phlogifticated  air),  or  its  balls,  is  fo  abundant  in  animal  matters, 
that  theweakeft  nitrous  acid,  aflifted  by  a flight  elevation  of  temperature,  is  fufficient 
to  difengage  it.  The  heat  of  the  atmofphere,  when  it  exceeds  feventy  degrees,  is 
fufficient  for  the  purpofe.  But  when  a greater  heat  is  applied  by  art,  the  difen- 
gagement  is  interrupted  by  an  abforption,  which  requires  the  experiment  to  be  made 
with  caution. 

2.  The  quantity  of  phlogifticated  air  is  not  the  fame  from  different  animal  parts. 
Gelatinous  fubftances  afford  the  leaft  ; next  to  thefe  the  aluminous  matter  which 
hardens  and  becomes  opake  by  heat,  fuch  as  the  white  of  egg.  Serum  of  blood, 
cheefe,  and  the  like,  afford  a larger  quantity.  And  moft  of  all  the  concrefcible  fibrous 
matter,  fuch  as  the  clot  of  the  blood,  and  the  greater  part  of  the  mufcles,  affords  the 
largeft  quantity  of  phlogifticated  air. 

3.  The  flelh  of  young  animals  affords  lefs  than  that  of  old.  But  the  difference  is 
not  confiderable  between  frugivorous  and  carnivorous  animals,  or  between  fifties  and 
quadrupeds,  except  that  the  latter  appear  to  afford  it  more  readily  ,*  a circumftance 
from  which  this  chemift  fuppofes  the  greater  promptitude  of  fifties  to  putrefy  may 
arife. 

4.  The  nitrous  acid  requires  as  much  alkali  to  faturate  it  after  it  has  ferved  this 
procefs  as  before.  If  the  produdt  of  true  nitre  were  equal  in  both  cafes,  this  circum- 
ftance would  incontrovertibly  prove,  that  the  phlogifticated  air  came  from  the  ani- 
mal fubftance,  and  not  from  the  nitre  : but  in  the  faturation  of  nitrous  acid  the  quan- 
tity of  alkali  will  differ  accordingly  as  the  acid  itfelf  is  more  or  lefs  fuming  or  phlo- 
gifticated. 

5.  The  proportion  of  phlogifticated  air  afforded  by  various  animal  fubftances  in 
this  way  is  in  proportion  to  the  volatile  alkali  they  refpe&ively  afford  by  diftillation; 
and  fuch  bodies  as,  by  fpontaneous  change  or  putrefaction,  have  become  in  part  con- 
verted into  volatile  alkali,  do  not  afford  any  phlogifticated  air. 

Phlogifticated  air  is  lefs  heavy  than  common  air.  It  fuddenly  extinguifties  flame, 
and  very  quickly  and  inevitably  deftroys  animal  life.  If  it  be  mixed  with  vital  air 
in  the  proportion  of  about  72  parts  to  28  of  the  vital  air,  it  forms  a fluid  not  per- 
ceptibly differing  from  the  air  of  the  atmofphere.  No  evident  effeCt  takes  place 
between  phlogifticated  air  and  water,  or  earthy  fubftances.  Nitrous  acid  abforbs  a 
portion  of  it,  and  is  rendered  fuming.  Delicate  blue  colours  are  flightly  reddened 
by  this  air.  Its  fmell  is  peculiar  and  unpleafant.  Agitation  in  water  and  the  ef- 
fects of  vegetation  have  been  found  to  render  it  more  refpirable  than  before.  But 
thefe  fails  do  not  appear  to  be  any  proof  that  it  contains  vital  air  ; for  it  is  well 
known  that  any  air  agitated  in  a tub  of  water  becomes  gradually  mixed  with  the  air 
of  the  atmofphere ; and  when  plants  vegetate  in  phlogifticated  air,  and  render  it  lefs 
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noxious,  it  is  moft  probable  that  this  effedt  arifes  from  the  vital  air  which  plants 
are  known  to  emit  in  certain  circumftances  during  life,  together  with  the  abforp- 
tion  of  part  of  the  phlogifticated  air  which  they  imbibe. 

AIR,  PHOSPHORIC.  The  phofphoric  acid  refembles  denfe  vitriolic  acid, 
in  the  difficulty  with  which  it  affumes  the  vaporous  form,  and  the  readinefs  of  its  fub- 
fequent  condenfation.  Dr.  Prieftley’s  attempts  to  obtain  it  in  the  aerial  form,  by 
treating  it  with  mercury  and  with  ardent  fpirits,  were  ineffectual ; and  though  it 
adted  upon  iron,  yet  the  aerial  produce  was  inflammable,  which  the  Dodor  does  not 
feem  to  think  of  a phofphoric  nature. 

Phofphorus  however,  which  in  fo  many  particulars  refembles  fulphur,  is  likewife 
capable  of  affording  a permanently  elaftic  fluid  of  the  hepatic  kind,  when  it  is  heated 
with  alkali  *.  Ten  or  twelve  grains  of  phofphorus  were  mixed  with  about  half  an  ounce 
of  cauftic  fixed  alkaline  folution  in  a very  fmall  phial,  furnifhed  with  a bended  tube, 
and  the  air  was  received  over  mercury.  Upon  the  firft  application  of  heat,  two 
fmall  explofions  took  place  attended  with  a yellow  flame  and  white  fmoke,  which 
penetrated  through  the  mercury  into  the  receiver ; thefe  were  followed  by  an 
equable  produdion  of  air.  At  laft  the  phofphorus  began  to  fwell  and  froth ; and 
the  rupture  of  the  phial  being  feared,  the  tube  was  flopped  to  prevent  the  accefs  of 
atmofpheric  air.  But  while  difpofition  was  making  to  difengage  the  phial  and  tube 
from  the  apparatus,  and  throw  it  into  a water  tub,  it  burft  with  a loud  explofion,  by 
reafon  of  fome  obftrudion  in  the  tube,  and  a fierce  flame  immediately  iffued  from  it. 
The  quantity  of  air  obtained  was  however  about  8 cubic  inches. 

This  air  was  diminifiied  very  flightly  by  agitation  with  an  equal  bulk  of  water,  and 
then  became  cloudy  like  white  fmoke,  but  foon  afterwards  recovered  its  tranfpa- 
rency.  Upon  turning  up  the  mouth  of  the  tube  to  examine  the  water,  the  unab- 
forbed  air  infjantly  took  fire,  and  burned  with  a yellow  flame  without  exploding, 
leaving  a reddifti  depofit  on  the  fides  of  the  tube.  The  temperature  was  68°. 

Water  impregnated  with  phofphoric  air,  and  over  which  this  air  had  burned, 
flightly  reddened  tindture  of  litmus,  and  did  not  affedt  Pruffian  alkali  : but  water 
impregnated  with  this  air,  .without  fuffering  the  air  to  burn  over  it,  fcarcely  affedfed 
litmus. 

To  a meafure  of  phofphoric  air,  Mr.  Kirwan  let  up  a meafure  of  water,  and 
through  this  fome  fmall  bubbles-of  common  air;  every  bubble  flamed,  and  pro- 
duced a white  fmoke,  until  about  half  as  much  'common  air  was  introduced  as  there 
was  originally  of  phofphoric  ; and  yet  the  original  bulk  did  not  feem  to  be  increafed. 
The  flame  each  time  produced  a fmall  commotion,  and  a fmoke  defcended  after  in- 
flammation into  the  water : when  flame  ceafed  to  be  produced,  fmoke  ftill  followed 
the  introdudfion  of  more  air.  Bubbles  of  phofphoric  air,  efcaping  through  mercury 
into  the  atmofphere,  flame,  crackle,  and  fmell  exadftly  like  the  eledtric  fpark. 

Nitrous  air  produced  a very  flight  diminution  with  a white  fmoke  in  phofphoric 
air;  alkaline  air  fcarcely  at  all  diminifiied  it ; fixed  air  produced  a white  fmoke, 
fome  diminution,  and  a yellow  depofit. 

Phofphoric  air  is  fpeedily  deftrudlive  of  animal  life.  The  difference  between  this 
air  and  fulphureous  hepatic  air,  appears  very  nearly  to  follow  the  greater  combuftibi- 
lity  and  volatility  of  the  phofphorus;  and  as  far  as  their  refpedtive  properties  are 
known,  their  theories  are  much  the  fame.  Some  chemifts  confider  phofphoric  air 
as  nothing  but  phofphorus  in  the  aerial  ftate  ; but  moft  of  the  antiphlogiflian  philo- 
fophers  admit  it  to  confift  of  a folution  of  phofphorus  in  inflammable  air,  afforded  by 
the  decompofition  of  water. 

AIR  OF  SPARRY  FLUOR.  See  Acid  of  Fluor. 
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AIR,  VITAL,  or  DEPHLOGISTICATED.  This  aerial  fluid  being  the  grand 
inftrument  of  combuftion,  taken  in  the  molt  extended  fenfe,  has  fo  confiderable  a 
fhare  in  molt  of  the  operations  of  chemillry,  that  there  are  few  of  the  articles  of  the 
prefent  work  which  do  not  tend  to  explain  and  elucidate  its  properties.  It  coni- 
pofes  between  one  third  and  one  fourth  of  the  weight  of  the  air  of  the  atmofphere, 
and  is  abforbed  by  various  bodies,  from  which  it  may  afterwards  be  extricated  or  ex- 
pelled by  heat  aflifted  by  the  action  of  light.  See  Air,  atmospherical. 

It  may  be  obtained  by  heat,  from  mercury  calcined  without  addition  ; from 
red  precipitate,  and  other  mercurial  calces  ; from  minium  ; from  manganefe, 
and  other  metallic  calces;  from  molt  nitrous  and  vitriolic  falts.  It  is  alfo  con- 
tained in  the  bladders  of  fea  weed,  and  in  waters.  The  green  vegetable  matter 
formed  in  water  emits  it  by  the  a&ion  of  light ; and  it  is  found  in  general  that  the 
green  leaves  of  plants,  expofed  to  the  aCtion  of  light,  emit  vital  air.  Moll  of  the 
vital  air  thus  obtained  is  accompanied  by  an  admixture  of  phlogifticated  air.  The 
pureft  is  that  from  precipitate  per  fe  newly  made,  or  preferved  in  clofe  vefiels ; or 
from  manganefe  ; or  from  the  leaves  of  plants. 

Vital  air  is  fomewhat  heavier  than  the  common  air  of  the  atmofphere,  and  main- 
tains combuftion  longer  in  proportion  to  its  purity.  The  combuftion  by  this  fluid 
is  aftonilhingly  intenfe,  and  appears,  when  urged  by  the  blow- pipe  in  a ftreamupon 
a fmall  portion  of  ignited  matter,  to  equal  or  exceed  the  powers  of  the  ftrongeft 
burning  lenfes  or  mirrors.  We  have  no  account  of  experiments  yet  made  with  both 
in  combination  ; though  there  is  no  doubt  but  that  they  would  prove  highly  intereft- 
ing.  The  teft  of  nitrous  air,  and  every  other  fa<ft  in  which  this  air  is  concerned,  in- 
dicate its  fuperior  efficacy  or  purity,  with  regard  to  combuftion  and  the  maintenance 
of  animal  life.  See  Acid,  nitrous. 

Vital  air  being  abforbed  or  transferred  inthofe  combuftions  in  which  acids  are  pro- 
duced, it  is  univerfally  admitted  as  the  chief  caufe  of  acidity  in  bodies  : that  is  to 
fay,  acids  are  combuftible  bodies  united  with  vital  air,  and  deprived  of  phlogifton,  ac- 
cording to  the  theory  of  chemiftry  which  admits  that  principle.  See  the  general 
article  Acids;  and  alfo  the  feveral  Acids  refpeCtively. 

Moft  of  the  heat  in  combuftion  is  taken  to  arife  from  the  condenfation  and 
change  of  capacity  of  vital  air,  when  it  pafles  from  the  elaftic  to  the  denfe  fluid  or 
folid  ftate.  See  Combustion  and  Heat.  Heat  is,  however,  produced  very  fre- 
quently by  the  mere  tranfition  of  vital  air  from  one  combination  to  another  : as,  for 
example,  when  gun-powder  is  fired,  the  vital  air  of  the  nitre  is  tranfmitted  to  the 
charcoal.  In  fuch  cafes  the  change  of  capacity  may  not  be  always  in  the  vital  air, 
though  it  feems  probable. 

Whether  vital  air  in  all  cafes  produces  an  acid  by  combination  in  due  proportion 
with  combuftible  matter,  has  not  been  yet  afcertained.  There  being  no  other  com- 
buftible bodies  than  metals,  acid  bafes  and  inflammable  air ; and  feveral  metals 
being  acidifiable  ; there  feems  to  be  little  queftion,  except  concerning  inflammable 
air.  When  this  is  burned  with  vital  air,  there  is  a production  of  water  with  nitrous 
acid  and  fixed  air.  Whether  the  water  be  formed  by  the  union  of  vital  and  inflam- 
mable air,  and  the  two  acids  which  accompany  it  be  merely  the  refult  of  cafual  im- 
purity ; or  whether  the  two  airs  be  employed  in  forming  thefe  acids,  while  the  water 
is  merely  depofited,  which  was  before  fufpended  during  the  permanently  elaftic  ftate 
of  the  airs;  are  fubjeCts  of  controverfy  which  at  prefent  divide  fomeof  the  moft  emi- 
nent chemical  philofophers.  See  Water. 

Vital  air  changes  the  colours  of  vegetable  and  animal  fubftances.  It  is  this  prin- 
ciple which  is  the  chief  agent  in  bleaching  of  cloth,  and  in  the  hardening  of  wax. 
See  Bleaching. 
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AIR,  VITRIOLIC.  When  the  vitriolic  acid  is  dephlogiflicated,  or  deprived  of 
part  of  the  due  proportion  of  vital  air  required  to  conftitute  the  moft  perfect  Rate  of 
acidity,  it  becomes  volatile,  and  readily  affumes  the  aerial  form.  For  the  various 
properties  and  habitudes  of  the  acid  in  this  Rate,  Jee  Acid,  vitriolic,  page  66. 

ALABASTER.  Among  the  Rones  which  are  known  by  the  name  of  marble, 
and  have  been  diRinguifhed  by  a confiderable  variety  of  denominations  by  flatua- 
ries,  and  others  wliofe  attention  is  more  diredled  to  their  external  charadters  and  ap- 
pearance than  their  component  parts,  alabaRers  are  thofe  which  have  a greater  or 
lefs  degree  of  imperfedt  tranfparency,  a granular  texture,  are  fofter,  take  a duller 
poliRi  than  marble,  and  are  ufually  of  a white  colour.  Some  Rones,  however,  of  a 
veined  and  coloured  appearance,  have  been  confidered  as  alabaRers,  from  their  pof- 
fefling  the  RrR  mentioned  criterion  ; and  fome  tranfparent  and  yellow  fparry  Rones 
have  alfo  received  this  appellation. 

ChemiRs  are  at  prefent  agreed  in  applying  this  name  only  to  fuch  opake,  conliRent 
and  femi-tranfparent  Rones  as  are  compofed  of  lime  united  with  the  vitriolic  acid. 
But  the  term  is  much  more  frequent  among  mafons  and  Ratuaries  than  chemiRs. 
ChemiRs  in  general  confound  the  alabaRers  among  the  felenites,  gypfums,  or  plaRer  of 
Paris,  more  efpecially  when  they  allude  only  to  the  component  parts,  without  having 
occafion  to  confider  the  external  appearance,  in  which  only  thofe  feveral  compounds 
differ  from  each  other. 

As  the  femi-opake  appearance  and  granular  texture  arifes  merely  from  adiflurbed 
or  fucceflive  cryflallization,  which  would  elfehave  formed  tranfparent  fpars,  it  is  ac- 
cordingly found  that  the  calcareous  Ralaftites,  or  drop-flones,  formed  by  the  tranfition 
of  water  through  the  roofs  of  caverns  in  a calcareous  foil,  do  riot  differ  in  appearance 
from  the  alabaRer,  moR  of  which  is  alfo  formed  in  this  manner.  But  the  calcareous 
Ralaftites  here  fpoken  of  confiRs  of  calcareous  earth  and  fixed  air;  while  the  alabaf- 
ter  of  the  chemiRs  is  formed  of  the  fame  earth  and  vitriolic  acid,  as  has  already  been 
remarked . 

ALBUM  GRALCUM.  Innumerable  are  the  inRances  of  fanciful  fpeculation, 
andtiblurd  credulity,  in  the  invention  and  application  of  fubjedts  in  the  more  ancient 
materia  medica.  The  white  and  folid  excrement  of  dogs,  which  fubfiR  chiefiy  on 
bones,  has  been  received  as  a remedy  in  the  medical  art,  under  the  name  of  Album 
Grsecum.  It  confiRs,  for  the  moR  part,  of  the  earth  of  bones,  or  lime  in  combina- 
tion with  phofphoric  acid. 

ALCHEMY.  The  praftice  of  chemiRry,  comprehending  every  operation  which 
is  not  mechanical,  muR  of  courfe  have  been  among  the  earlieR  confequences  of 
thofe  efforts  of  the  human  mind  which  fupply  our  wants,  and  diflinguifh  civilized 
nations  from  the  uncultivated.  The  various  arts  dependant  upon  this  fcience  were 
praflifed  for  ages  before  the  fyRematic  reafoning  and  inferences  of  philofophers  had 
traced  its  dependances,  and  formed  the  fcience  itfelf.  Immediate  profit  is  the  objedt 
of  purfuit  in  thofe  who  pradtife  the  arts;  and  while  the  feveral  branches  of  chemical 
operation  continued  to  be  mere  arts,  their  profeflbrs  or  pradtifers  had  in  general  no 
other  views.  It  could  not  but  happen,  however,  but  that  men  of  abilities  would  be 
found  among  thefe  profeffors,  who  would  reafon  well  or  ill  upon  what  they  faw  ; and 
as  all  reafoning  with  regard  to  natural  appearances  confiRs  chiefly  in  the  clafling  of 
fimilar  phenomena,  and  deducing  other  events  from  them  by  analogy,  it  would  fol- 
low of  courfe  that  thefe  men  would  difeover  rules,  and  eflablilh  general  obfervations, 
by  means  of  which  their  operations  would  be  facilitated  and  extended.  The  fpirit 
of  trade  would  neverthelefs  intermix  itfelf  with  their  fpeculations,  and  lead  them  to 
confider  their  difeoveries  as  lucrative  fecrets,  not  to  be  communicated  but  to  others 
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of  the  fame  profeffion,  whofe  fuccefsful  refearches  had  enabled  them  to  afford 
other  fecrets  in  return.  Thus  it  was  that  philofophical  chemiftry  had  its  birth  : in 
its  infancy  it  was  alchemy,  a fcience  whofe  profeffors  were  tradefmen,  dazzled  at 
the  fruitful  and  extenfive  confequences  to  which  their  refearches  feemed  to  lead  ; 
looking  down  upon  and  defpifing  the  common  operator,  who  poffefled  no  clue  to 
lead  him  beyond  the  ordinary  courfe  of  his  bufinefs ; and  extolling  their  own  know- 
ledge, which, from  vanity  as  well  as  motives  of  profit,  they  either  kept  to  themfelves, 
or  communicated  in  myfterious  and  enigmatical  writings.  The  earlieft  philofophi- 
cal writers  on  chemiftry  were  alchemifts,  and  diftinguifhed  themfelves  from  common 
chemifts  by  this  appellation.  As  the  true  methods  of  philofophizing  became  better 
known,  and  liberality  of  fentiment  increafed,  chemiftry  became  a fcience  in  the 
hands  of  men  of  better  tafte  and  more  enlightened  judgment.  The  writings  of  the 
alchemifts  and  their  elevated  profeflions  continued  notwithstanding  to  have  their 
effects  upon  many  perfons,  and  are  not  entirely  without  their  influence  at  the  prefent 
inftant.  The  efficacy  of  chemical  preparations  for  medical  ufeproved  fufficient  for  a 
long  time  to  enforce  a certain  degree  of  credit  in  favour  of  a panacea,  or  univerfal 
medicine,  powerful  to  cure  all  difeafes  ; and  a number  of  facts  ill  underftood,  and 
■taken  as  the  ground  of  extenfive  and  plaufible  inferences,  have  induced  numbers  to 
believe  that  metals  might  be  tranfmuted  into  each  other.  This  laft  operation  was 
chiefly  aimed  at  the  tranfmutation  of  metals  of  inferior  price  into  gold.  The  pre- 
tence is  ftill  ufed  by  artful  perfons  to  itnpofe  on  the  ignorant,  and  in  fome  inftances, 
perhaps,  by  the  ignorant,  who  impofe  on  themfelves. 

ALCOHOL,  or  Alkohol.  The  pureft  ardent  fpirit,  which  contains  lefs 
water  than  any  other,  is  frequently  called  by  this  name. 

ALEMBIC,  or  Still.  This  part  of  chemical  apparatus,  ufed  for  diftilling  or 
feparating  volatile  produds  by  firft  railing  them  by  heat,  and  then  condenfing  them 
into  the  liquid  ftate  by  cold,  is  of  extenfive  ufe  in  a variety  of  operations.  It  is 
defcribed  under  the  article  Apparatus,  which  fee. 

ALEMBROTH  SALT.  Corrofive  fublimate  is  rendered  much  more  foluble 
in  water  by  the  addition  of  fal  ammoniac.  From  this  folution  cryftals  are  feparated 
by  cooling,  which  were  called  fal  alembroth  by  the  earlier  chemifts,  and  appear  to 
confift  of  volatile  alkali,  marine  acid,  and  mercury ; but  in  what  ftate  the  marine 
acid  may  be,  whether  the  common  or  dephlogifticated,  does  not  feem  to  have  been 
afcertained. 

ALGAROTH,  POWDER  OF.  Among  the  numerous  preparations  which 
the  alchemical  refearches  into  the  nature  of  antimony  have  afforded,  the  powder  of 
algaroth  is  one.  When  butter  of  antimony  is  thrown  into  water,  it  is  not  totally 
dilfolved  ; but  part  of  the  metallic  calx  falls  down  in  the  form  of  a white  powder, 
which  is  the  powder  of  algaroth.  It  is  violently  purgative,  and  emetic  in  fmall  dofes 
of  three  or  four  grains,  to  Antimony,  and  Butter  of  Antimony. 

ALKAHEST.  The  pretended  univerfal  folvent,  or  menftruum,  of  the  ancient 
chemifts.  Kunckel  has  very  well  fhewn  the  abfurdity  of  fearching  for  an  univerfal 
folvent,.  by  afking,  “ If  it  difi'olves  all  fubftances,  in  what  veflels  can  it  be  con- 
tained r” 

ALKALI.  Modern  chemiftry  has  difcovered  many  acids,  and  has  fucceeded  in 
decompofing  them  into  Ampler  fubftances,  -and  recompofing  them.  But  the  alkalis 
ftill  remain  in  number  only  three;  and  nothing  has  yet  been  effeded  to  fhew  an  un- 
equivocal decompofition  of  the  two  fixed  alkalis.  The  general  charaders  in  which 
the  three  alkalis  agree  are  the  following  : 

i.  They  have  a peculiar  tafte,  which  is  difagreeably  caultic,  even  when  diluted  with 
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water.  2.  They  change  blue  vegetable  colours  to  a green.  3.  They  have  a very 
ftrong  attraction  for  water,with  which  they  unite  in  all  proportions,  and  even  attraCt 
it  in  fufficient  quantities  from  the  atmofphere  to  become  fluid.  4.  They  combine 
with  acids  in  the  humid  way,  by  a flronger  affinity  than  is  poffeffed  in  general  by  any 
other  fubftances.  5.  They  melt  in  a moderate  heat,  and  in  a flronger  heat  they  are 
volatilized.  6.  In  the  dry  way,  they  diffolve  all  earths  and  metallic  calces. 

The  volatile  alkali  poffeffes  the  above  general  properties,  except  fo  far  as  its  dif- 
polition  to  rife  in  the  aeriform  ftate  at  an  heat  lefs  than  boiling  water,  prevents  its 
being  exhibited  in  the  dry  way.  Its  affinities  are  alfo  lefs  ftrong. 

Alkalis  which  contain  fixed  air  are  called  mild  alkalis. 

The  ufual  tefts  of  alkalis  are  the  tinCture  of  turnfole,  called  litmus  by  the  dyers, 
and  the  fyrup  of  violets.  But  the  knowledge  of  the  habitudes  of  thefe  bodies,  like  all 
others,  can  be  but  very  imperfectly  exhibited  by  general  notions  ; becaufe  every 
one  of  the  combinations  into  which  they  enter,  does  in  faCt  exhibit  fome  diftinCt 
elective  attraction  or  property. 

ALKALI,  FIXED  VEGETABLE.  The  vegetable  alkali  is  found  in  fome 
falts,  which  may  be  faid  to  be  of  the  mineral  kingdom  ; but  it  is  obtained  for  all  the 
purpofes  of  trade  and  fcience  from  vegetable  matters.  Of  this  there  are  feveral 
kinds,  which  differ  only  in  the  refpeCtive  quantities,  and  nature  of  the  impurities 
they  contain.  The  cendres  gravelces  is  a ftrong  alkali  made  by  burning  the  hulks 
of  grapes  and  wine  lees.  Potafh  is  prepared  by  lixiviating  wood  allies,  and  is  very 
far  from  being  pure.  Molt  vegetables  afford  this  alkali  by  burning  them,  and 
mixing  their  allies  with  pure  water,  which  after  decantation  or  filtering  may  be  eva- 
porated, and  will  leave  the  fait  behind.  The  pureft  is  obtained  by  wrapping  tartar 
in  wetted  brown  paper,  and  placing  the  parcels  in  beds  or  ftrata  alternately  with 
charcoal  in  a furnace.  The  whole  is  then  to  be  fet  on  fire,  and  the  fire  continued 
till  the  blackening  fmoke  ceafes  to  arife.  If  the  heat  be  too  intenfe,  the  alkali  will 
melt  and  mix  with  the  impurities  of  the  coal ; but  when  the  procefs  is  well  con- 
ducted, the  parcels  may  be  taken  out  entire.  By  lixiviation  or  folution  in  pure  wa- 
ter, with  fubfequent  filtration,  evaporation,  dying,  and  calcining  in  a low  heat,  the 
alkali  is  obtained  very  white,  and  contains  a confiderable  portion  of  fixed  air.  This 
might  be  driven  off  by  heat;  but  fuch  an  increafe  of  temperature  would  caufe  the 
alkali  to  diffolve  the  earth  of  the  veffel,  for  which  reafon  other  methods  are  ufed. 
The  vegetable  alkali  is  known  in  the  (hops  by  the  name  of  fait  of.  tartar ; but  moft 
chemifts  in  London  fell  the  impure  alkali  of  potafh  by  this  name. 

It  is  not  eafy  to  purify  the  common  vegetable  alkalis  met  with  in  trade;, and  it  is: 
indeed  feldom  attempted.  Neither  is  there  any  neceffity  in  moft  operations  that- 
the  chemift  Ihould  employ  his  labour  in  procuring  the  alkalis  abfolutely  difengaged: 
from  all  other  matter,  as  they  will  be  equally  ufeful  if  kept  in  combination,  cither 
with  fixed  air  or  with  water;  in  which  ftates  the  quantities  may  be  more  accurately 
afcertained  by  weight,  or  meafure  when  ufed,  than  if  pure;  becaufe  their  rapid. 
attraClion  for  water  in  the  latter  cafe  renders  it  almoft  impracticable,  to  weigh', 
them. 

One  of  the  readieft  methods  of  obtaining  the  vegetable  alkali  in  a ftate  of  confide* 
rable  purity,  confifts  in  detonating  common  nitre  in  a crucible  with  charcoal.  This, 
fait  confifts  of  the  vegetable  alkali  united  with  nitrous  acid..  If  the  fineft  prifmatic 
nitre  be  fufed,  and  made  red  hot  in  a crucible,  and  charcoal  be  then  added  by  de- 
grees,, a moft  intenfe  combuftion  takes  place  ; during  which  the  acid  principle  of  the- 
fait  is  diffipated,  and  the  alkali  is  left  in  combination  with  fixed  air  only  : that  is 
to  fay,  the  vital  air  of  the  acid  forms  fixed  air  with  the  inflammable  part  of  the  char- 
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coal,  molt  of  which  fixed  air  unites  with  the  alkali,  while  the  phlogifticated  air  or 
other  component  part  of  the  nitrous  acid  flies  off.  See  Acid,  nitrous.  More 
charcoal  muft  be  added  as  long  as  it  continues  to  produce  the  vivid  flame;  and  the 
heat  muft  be  raifed  towards  the  end,  in  order  that  the  decompofition  of  the  laft  por- 
tions of  the  nitre  may  be  more  completely  effedled.  This  fait  has  been  improperly 
termed  fixed  nitre ; but  there  is  no  difference  between  the  pure  lpecimens  of  this 
alkali,  whatever  fubjedt  it  may  have  originally  been  obtained  from. 

To  obtain  the  vegetable  alkali  in  aftate  of  great  purity,  the  alkali  of  nitre  by  pre- 
ference, or  any  other  vegetable  alkali,  muft  be  boiled  for  a fliort  time  with  about 
twelve  times  its  weight  of  water,  and  half  its  weight  of  quicklime,  in  a clean  iron 
veffel.  This  lixivium  muft  be  filtered  through  paper  fupported  by  a cloth.  If  the 
clear  fluid  occafions  no  precipitation  from  lime-water,  it  is  deprived  of  fixed  air  ; but 
if  not,  it  muft  be  again  boiled  with  the  fame  quantity  of  quicklime,  and  filtered  a 
fecond  time.  The  clear  liquor  muft  then  be  expofed  to  evaporation  in  a retort, 
or  long-necked  veffel,  in  order  that  the  emiflion  of  the  fteam  may  prevent  the  con- 
tact of  the  external  air,  from  which  the  alkali  would  abforb  a portion  of  fixed  air,  if 
the  veffel  were  quite  open  or  wide  mouthed.  The  fait  which  remains  confifts,  for 
the  moft  part,  of  the  vegetable  alkali  in  a pure  or  cauftic  ftate,  contaminated  however 
with  fome  other  neutral  falts,  afforded  in  fmall  quantities  by  the  charcoal  ufed  in 
the  detonation  of  the  nitre,  or  by  the  principles  of  the  vegetable  fubftances  made  ufe 
of  in  obtaining  the  alkali,  if  nitre  had  not  been  ufed  in  the  operation.  To  feparate 
the  pure  alkali  from  thefe  falts,  a confiderable  quantity  of  ardent  fpirit  muft  be 
added,  which  diffolves  it  totally.  The  decanted  fpirituous  folution  may  in  like  man- 
ner be  evaporated  by  diftillation  in  a retort,  and  the  fait  left  in  a dry  ftate.  But  as 
there  are  few  occafions  in  which  the  fait  may  be  wanted  in  this  ftate,  it  may  be  dif- 
folved  in  a fmall  quantity  of  very  pure  water,  and  muft  be  preferved  in  well  clofed 
veffels  made  of  good  glafs.  Several  of  the  fofter  kinds  of  glafs  are  fo  far  altered 
by  the  adtion  of  very  pure  alkalis,  that  they  crack  and  fplit  in  a variety  of  direc- 
tions. 

The  ordinary  vegetable  alkali,  whether  obtained  from  tartar,  or  from  nitre,  is  not 
faturated  with  fixed  air,  and  deliquiates  in  the  air.  In  this  way,  it  attracts  about 
three  times  its  weight  of  water.  The  ftrong  folution  of  this  alkali  is  ufually  called 
oil  of  tartar  per  deliquium.  Its  adtion  on  the  Ikin  converts  it  into  a kind  of  fope, 
which  produces  a fenfation  or  feel  of  greafinefs  between  the  fingers,  and  has  given 
rife  to  this  appellation.  But  if  it  be  expofed  a fufficient  time  to  the  atmofphere,  it 
abforbs  a much  larger  quantity  of  fixed  air,  which  neutralizes  ic,  and  in  this  ftate  it 
may  be  obtained  in  permanent  cryftals.  See  Air,  fixed. 

A moderate  red  heat  keeps  the  vegetable  alkali  in  fufion  with  very  little  lofs  of 
quantity.  A more  violent  fire,  fuch  as  that  of  a fmith’s  forge,  or  a wind  furnace, 
volatilizes  it,  and  even  entirely  diflipates  the  whole.  No  one  has  yet  made  the  ex- 
periment of  diftilling  or  fubliming  the  fixed  alkali  in  a ftrong  heat,  fo  as  to  determine 
what  change  it  may  undergo  in  that  procefs,  if  any.  The  vegetable  alkali,  when 
liquefied  by  heat,  is  a very  powerful  folvent.  With  earthy  fubftances  it  forms  glafs. 
Metals  are  not  diffolved  by  it,  but  their  calces  readily  unite  with  it.  When  the  al- 
kali is  fufed  with  any  earth  nearly  in  equal  proportions,  or  ftill  lefs  of  the  alkali,  it 
forms  a combination  which  when  cold  is  tranfparent,  and  refills  the  adtion  of  moft 
folvents  at  a moderate  temperature.  This  is  the  well-known  compofition  called 
glafs.  See  Glass.  When  the  alkali  in  fufion  is  three  or  four  times  the  weight  of  the 
earth  it  may  diffolve,  the  faline  properties  prevail,  and  the  compound  is  foluble  in 
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water.  Siliceous  earth,  thus  fufpended  in  water  by  the  medium  of  an  alkali,  is 
called  the  liquor  of  flints. 

The  vegetable  fixed  alkali  unites  with  great  energy  to  acids.  With  the  vitriolic 
acid  it  forms  the  cryftallizable  fait  called  vitriolated  tartar  ; with  the  nitrous  acid 
it  affords  the  common  prifmatic  nitre  ; and  with  the  marine  acid  it  produces  a fait 
which  is  known  by  the  name  of  the  fait  of  fylvius,  or,  improperly,  regenerated  fea 
fait.  The  other  acids  likewife  afford  peculiar  combinations  with  this  alkali,  which 
are  mentioned  under  their  refpeCtive  titles. 

The  fixed  vegetable  alkali  alfo  combines  with  inflammable  fubftances.  With 
fulphur,  either  in  the  humid  or  dry  way,  it  forms  liver  of  fulphur.  With  phofpho- 
rus  it  forms  a peculiar  hepatic  compound.  With  oils  it  forms  SOAP  [which  fee].  It 
fcarcely  acts  upon  metallic  fubftances  in  the  dry  way,  unlefs  calcined ; and  in  the 
humid  way,  calcination  feems  likewife  to  be  neceffary  for  this  purpofe,  either  by  the 
previous  aCtion  of  acids,  or  by  the  prefence  of  vital  air  afforded  by  the  atmofphere. 

A confiderable  number  of  fpeculations  have  been  entered  into  refpeCting  the  ori- 
gin of  the  fixed  alkalis.  The  vegetable  alkali  being  moftly  obtained  by  the  incine- 
ration of  plants  or  vegetable  products,  has  been  fuppofed  to  owe  its  formation  to  the 
fire.  This  however  has  never  been  proved  ; for  the  alkali  afforded  by  tartar  when 
burned  is  not  greater  in  quantity  than  the  fame  tartar  affords  when  diffolved  in 
water,  and  left  to  putrefy  or  fuffer  a fpontaneous  decompofition  of  its  acid  in  an 
open  veffel  for  many  months.  The  fait  of  forrel,  the  common  nitre  obtained  from 
feveral  plants,  and  vitriolated  tartar,  and  even  nitre  found  in  the  mineral  kingdom, 
not  to  mention  other  inftances,  likewife  exhibit  this  alkali  in  fituations  where  it  feems 
by  no  means  to  have  undergone  the  procefs  of  incineration.  It  has  been  remarked, 
however,  that  in  all  the  circumftances  in  which  fixed  alkali  is  afforded,  there  has  been 
a previous  expofureto  vital  air  and  phlogifticated  air,  and  upon  grounds  little  better 
than  thefe  it  has  been  conjeCtured  that  the  alkalis  may  confift  of  certain  fubftances 
combined  with  vital,  or  perhaps  with  phlogifticated  air.  On  the  firft  of  thefe  fup- 
pofltions,  we  Ihould  take  alkalis  to  be  bodies  fo  eminently  combuftible,  as  to  retain 
vital  air  by  an  attraction  too  ftrong  to  be  overcome  by  any  means  we  are  acquainted 
with,  and  confequently  not  decompofable  by  art.  And  this  eminent  degree  of 
combuftibility  would  afford  a reafon  for  their  ftrong  attraction  to  acids,  all  of  which 
contain  vital  air,  and  in  particular  to  the  dephlogifticated  marine  acid,  upon  which 
they  aCt  in  fo  peculiar  a manner  as  to  deprive  it  of  the  furplus  of  vital  air  it  contains  ; 
infomuch  that  the  fait  formed  on  this  occafion  contains  alkali,  marine  acid,  and  a 
much  larger  proportion  of  vital  air,  than  the  marine  acid  itfelf  was  capable  of  com- 
bining with  ; while  the  remaining  portion  of  the  aerated  acid  which  afforded  the 
vital  air  becomes  converted  into  common  marine  acid,  forming  fait  of  fylvius  with 
another  portion  of  the  alkali. 

On  the  other  hand,  the  knowledge  we  have  acquired  of  the  component  parts  of 
volatile  alkali,  which  are  phlogifticated  and  inflammable  air,  have  led  fome  chemifts 
to  confider  phlogifticated  air  as  the  principle  of  alkalinity,  in  the  fame  manner  as 
vital  air  is  taken  to  be  the  principle  of  acidity.  This  conjecture  does  not  indeed 
fo  readily  exhibit  any  analogy  to  explain  the  mutual  aCtion  of  alkalis  and  acids ; 
but  if  the  bafes  of  fixed  alkalis  confift  of  either  lime,  magnefia,  ponderous  or  even 
argillaceous  earth,  the  known  attraction  of  thefe  fubftances  for  acids  will  be  fufficient 
to  account  for  the  attraction  exhibited  by  alkalis. 

ALKALI,  MINERAL.  This  fixed  alkali,  which  is  known  in  commerce  by  the 
name  of  barilla  when  in  a lefs  pure  ftate,  and  by  that  of  fait  of  foda  when  in 
clean  cryftals,  is  found  in  immenfe  quantities  in  the  mineral  kingdom  in  combinatioh 
with  the  marine  acid,  with  which  it  forms  fea  fait;  and  likewife,  though  lefs  plen- 
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tifully,  in  combination  with  the  vitriolic  acid  in  the  form  of  Glauber’s  fait.  As  che- 
miflry  has  not,  however,  invented  any  method  fufficiently  cheap  to  decompofe  thefe 
faline  fubftances,  the  foda  of  commerce  is  principally  obtained  by  the  incineration 
of  plants  which  grow  on  the  fea  fhore,  and  lixiviation  of  their  allies,  in  the  fame 
manner  as  the  fixed  vegetable  alkali  is  obtained  from  plants  in  general.  It  is  found 
native  on  the  ground  in  the  ifland  of  Teneriffe,  and  eliewhere. 

The  mineral  alkali  in  its  ordinary  ftate  is  fo  far  neutralized  by  fixed  air,  that  it 
cryftallizes,  and  is  fo  far  from  deliquefcing  by  expofure  to  the  atmofphere,  that  it 
even  lofes  its  water  of  cryftallization,  and  falls  into  a dry  powder.  But  when  it  is 
deprived  of  fixed  air,  it  attracts  moifture  like  the  vegetable  alkali,  and  cannot  indeed 
be  diftinguifhed  from  that  fubftance  by  any  of  its  more  obvious  properties,  though 
its  habitudes  with  other  fubftances,  and  the  compounds  it  forms  with  them,  are  very 
different  from  thofe  produced  by  the  other  fixed  alkali. 

The  habitudes  of  mineral  alkali  in  the  fire  are  nearly  the  fame  as  thofe  of  the 
vegetable.  It  diffolves  earthy  fubftances  and  metallic  calces ; and  the  glafs  it  forms 
is  faid  to  be  more  folid  and  lefs  alterable  than  that  into  which  the  vegetable  alkali 
enters.  Mineral  alkali  unites  very  powerfully  with  acids,  though  by  a lefs  affinity 
than  that  of  the  vegetable  alkali,  and  the  falts  it  forms  differ  very  confiderably  from 
all  others.  With  the  vitriolic  acid  it  forms  Glauber’s  fait,  as  we  have  already  taken 
notice  ; with  the  nitrous  acid  it  forms  quadrangular  nitre,  a fait  that  confiderably 
refembles  the  common  or  prifmatic  nitre  in  its  properties,  and  with  the  marine  acid 
it  produces  the  common  fea  fait.  With  the  other  acids  it  forms  various  combina- 
tions, which  are  defcribed  under  their  refpetftive  heads.  This  alkali  likewife  com- 
bines with  inflammable  fubftances,  and  forms  a harder  kind  of  foap  with  oils  than 
is  obtained  by  ufing  the  vegetable  alkali. 

The  decompofition  of  common  fait,  for  the  purpofe  of  obtaining  the  mineral  al- 
kali in  great  plenty  and  at  a cheap  rate,  has  been  attempted  by  a great  number  of 
chemifts.  The  moft  fuccefsful  procefs  is  that  of  Scheele,  who  deprives  it  of  its 
acid  by  the  calx  of  lead  or  litharge.  If  a quantity  of  this  calx  be  mixed  with  half 
its  weight  of  common  fait,  then  triturated  with  water  till  it  affumes  a white  colour, 
and  left  to  ftand  fome  hours,  a decompofition  enfues,  the  acid  uniting  with  the  me- 
tallic calx,  and  the  alkali  remaining  difengaged.  In  this  way,  however,  the  alkali 
is  not  of  fufficient  value  to  pay  the  charges,  and  therefore  the  procefs  is  carried  on 
to  no  greater  extent  than  is  required  by  the  demand  for  the  combination  of  lead  and 
marine  acid,  which  after  it  has  been  duly  heated  forms  a fine  greenifh-yellow  pigment. 

Very  little  can  be  faid  from  experiment  concerning  the  intimate  compofition  of 
the  mineral  alkali  j and  the  conje&ural  inferences  refpeCting  this  fait  are  nearly  the  fame 
as  thofe  which  have  been  flightly  mentioned  in  the  preceding  article.  It  has  been 
conjectured  that  lime  is  the  bafis  of  vegetable  alkali,  and  magnefia  of  the  mineral. 

ALKALI,  PHLOGISTICATED,  or  PRUSSIAN.  When  a fixed  alkali  is. 
ignited  with  bullock’s  blood,  or  other  animal  fubftances,  and  lixiviated,  it  is  found 
to  be  in  a great  meafure  faturated  with  the  Pruffian  acid.  From  the  theories  formerly 
adopted  refpeCting  this  combination,  it  has  been  diftinguifhed  by  the  name  of  phlo- 
gifticated  alkali.  The  alkali  cannot  be  conveniently  faturated  with  the  colouring 
matter,  or  Pruffian  acid,  in  any  other  way  than  by  boiling  it  with  Pruffian  blue.  For 
a detail  of  its  properties,  Acid  of  Prussian  Blue  ; and  alfo  Prussian  Blue. 

ALKALI,  VOLATILE.  The  volatile  alkali  differs  remarkably  from  the  other 
two  alkalis  in  its  difpofition  to  affume  the  aeriform  ftate,  and  to  rife  by  a moderate 
heat,  even  when  combined  with  other  fubftances.  Its  peculiar  and  pungent  fmell 
affords  a diftin&ive  criterion  of  its  prefence  and  difengagement.  It  is  met  with  in 
the  (hops,  either  in  a concrete  form  in  combination  with  fixed  air,  in  which  ftate  it  is 
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ufually  called  fal  volatile,  or  improperly  volatile  fal  ammoniac,  or  elfe  in  the  fluid 
(late  combined  with  water,  when  it  is  ufually  diftinguilhed  by  the  appellation  of 
fpirit  of  fal  ammoniac  with  lime,  no  doubt,  becaufe  it  is  obtained  by  diftilling  thofe 
two  fubftances  together. 

The  volatile  alkali  is  obtained  during  the  deftruftive  diftillation  of  all  animal  fub- 
ftances which  have  not  fuffered  putrefaction  or  fpontaneous  decompofition,  and  alfo 
from  plants  which  are  chiefly  of  the  cruciform  kind.  Putrefaction  likewife  difen- 
gages  it  from  thefe  fubftances.  It  is  found  that  all  thofe  bodies  which  afford  volatile 
alkali  by  diftillation  do  likewife  afford  phlogifticated  air  when  treated  with  weak  ni- 
trous acid,  and  that  the  refidue,  thus  deprived  of  its  phlogifticated  air,  affords  no 
volatile  alkali,  or  much  lefs  than  before;  a circumftance  which,  among  others,  ferves 
to  indicate  the  compofition  of  the  volatile  alkali,  and  that  it  does  not  exift  ready 
formed  in  thefe  fubftances,  but  is  produced  by  the  aftion  of  heat  or  putrefa&ion, 
which  caufes  the  phlogifticated  air  to  unite  with  the  inflammable  air  that  plentifully 
exifts  in  bodies  of  this  kind.  See  Air,  phlogistic ated. 

The  volatile  alkali  obtained  by  diftillation  from  animal  fubftances  is  contaminated 
with  coaly  matter  and  oil,  and  therefore  in  its  firft  ftate  poffeffes  various  properties, 
according  to  the  nature  of  its  impurities.  Thefe  may  be  removed  in  various  ways, 
but  by  none  better  than  the  addition  of  marine  acid,  which  converts  it  into  fal 
ammoniac. 

Moft  of  the  volatile  alkali  is  obtained  from  fal  ammoniac.  This  fait  was  for- 
merly imported  from  Egypt,  where  it  is  procured  by  fublimation  from  foot  produced 
by  burning  the  dung  of  camels.  But  it  is  now  made  in  great  plenty  in  Britain  for 
the  purpole  of  commerce.  The  volatile  alkali  is  obtained  in  an  impure  liquid  ftate 
by  the  manufacturers,  who  diftil  it  from  bones  or  foot,  or  any  other  fubftance  that 
affords  it.  To  this  they  add  the  mother  water  of  vitriol;  and  alfo  common  fait 
in  due  quantities.  The  vitriolic  acid  firft  combines  with  the  volatile  alkali ; but 
when  the  common  fait,  which  confifts  of  fixed  mineral  alkali  and  marine  acid,  is 
added,  a change  of  the  principles  takes  place  by  double  elective  attraction.  The  vi- 
triolic acid  feizes  the  mineral  alkali,  and  forms  the  new  compound,  known  by  the 
name  of  Glauber’s  fait ; while  the  marine  acid  unites  with  the  volatile  alkali,  and 
forms  fal  ammoniac.  By  evaporation  of  the  water,  thefe  falls  are  feparated  by  cryf- 
tallization,  and  the  fal  ammoniac  is  fublimed  into  cakes  for  fale. 

In  order  to  difengage  the  volatile  alkali  from  fal  ammoniac  by  diftillation,  it  is  ne- 
ceffary  to  add  fome  fixed  fubftance,  which  fliall  combine  with  and  prevent  the 
marine  acid  from  rifing.  Chalk  and  flaked  lime  are  the  bodies  commonly  ufed. 
If  a mixture  of  two  parts  of  chalk  and  one  of  fal  ammoniac  in  powder  be  expofed  to 
a fand  heat  in  a retort,  with  a receiver  adapted,  a change  of  principles  by  double 
affinity  takes  place.  The  chalk,  which  confifts  of  lime  and  fixed  air,  is  decompofed, 
and  alfo  the  fal  ammoniac.  The  lime  unites  with  the  marine  acid,  and  forms  a 
fixed  earthy  fait,  which  remains  in  the  retort ; and  the  fixed  air  unites  with  the  vo- 
latile alkali,  and  paffes  into  the  receiver,  where  it  appears  in  the  form  of  a white 
hard  fait  of  a pungent  fmell.  This  is  the  mild  volatile  alkali,  or  fal  volatile  of  the 
apothecaries  and  perfumers.  It  is  well  known  as  a ftimulant  ufually  put  into  ftnel- 
ling  bottles. 

When  lime  or  calcareous  earth,  deprived  of  fixed  air,  is  made  ufe  of,  the  decom- 
pofition takes  place  as  before ; but  the  alkali  rifes  in  the  form  of  alkaline  air,  and 
no  part  of  the  volatile  product  is  condenfed,  until  the  water  which  may  have  been 
contained  in  the  fal  ammoniac  or  in  the  lime  comes  over.  This  water  abforbs  a 
quantity  of  the  air,  and  forms  the  pure  or  cauftic  volatile  alkali;  but  not,  however, 
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before  a confiderable  quantity  of  the  alkaline  air  has  been  loft.  Intelligent  opera- 
tors at  prefent  avoid  this  lofs,  by  availing  themfelves  of  an  apparatus  of  the 
fame  kind  as  is  exhibited  in  figure  2,  by  the  help  of  which  the  alkaline  air  being 
obliged  to  prefs  in  contadl  with  water  in  the  receivers,  is  for  the  moft  part  ab- 
forbed. 

The  volatile  alkali  has  a much  lefs  ftrength  of  attradlion  in  its  combination  than 
the  fixed  alkalis,  and  it  is  formed  and  decompofed  in  a variety  of  chemical  opera- 
tions. It  unites  very  readily  with  acidsj  and  forms  falts  which  have  been  diftin- 
guilhed  by  the  name  of  ammoniacal  falts,  and  are  noticed  under  their  refpedtive 
acids.  It  combines  with  oils,  and  much  more  readily  with  the  effential  than  with  the 
fixed  oils.  Spirit  of  wine  difi’olves  it,  as  it  does  likewife  its  faponaceous  compounds  ; 
but  thefe  compounds,  though  mifcible  with  water,  are  fcarcely  foluble  in  that  fluid. 
See  Eau  de  Luce.  Sulphur  and  phofphorus  are  adled  upon  by  this  alkali,  though 
feebly.  A fulphureous  volatile  hepar  is  produced  by  the  union  of  this  alkali  in  the 
aerial  ftate,  with  fulphur  in  the  vaporous  ftate.  If  equal  parts  of  quicklime  and  fal 
ammoniac  be  mixed  together  with  half  a part  of  fulphur,  and  diftilled  with  the  pneu- 
matic apparatus  (fig.  2)  with  a fmall  quantity  of  water  in  the  receiver,  a reddifti 
yellow  hepatic  liquor  will  be  obtained,  which  is  the  volatile  hepar,  and  was  formerly 
known  by  the  name  of  the  fuming  liquor  of  Boyle,  fo  called  from  its  inventor,  and 
from  the  white  fumes  it  emits  in  the  air. 

The  volatile  alkali  combines  with  many  of  the  metallic  fubftances,  though  pro- 
bably, in  all  cafes,  previous  calcination,  or  the  prefence  of  vital  air,  may  beneceflary 
lor  this  effedt.  Metallic  precipitates  thrown  down  by  volatile  alkali  are  moftly  re- 
diffolved  if  an  excefs  of  alkali  be  added.  For  the  habitudes  of  volatile  alkali  with 
metallic  fubftances,  fee  the  Metals  refpedtively. 

The  component  parts  of  volatile  alkali  are  phlogifticated  air  and  inflammable  air, 
in  the  proportions  of  fix  parts,  by  weight,  of  the  former  to  one  of  the  latter.  On  this 
fubjedt  confult  Air,  alkaline  ; andalfo  Acid,  nitrous,  page  34. 

ALKANET.  The  alkanet  plant  is  a kind  of  buglofs,  which  is  a native  of  the 
warmer  parts  of  Europe,  and  cultivated  in  fome  of  our  gardens.  The  greateft  quan- 
tities are  raifed  in  Germany  and  France,  particularly  about  Montpelier,  from 
whence  we  are  chiefly  fupplied  with  the  roots.  Thefe  are  of  a fuperior  quality  to 
fuch  as  are  raifed  in  England.  This  root  imparts  an  elegant  deep  red  colour  to  pure 
fpirit  of  wine,  to  oils,  to  wax,  and  to  all  undtuous  fubftances.  The  aqueous 
tindlure  is  of  a dull  brownilh  colour ; as  is  likewife  the  fpirituous  tindlure  when  in- 
fpiflated  to  the  confidence  of  an  extradl.  The  principal  ufe  of  alkanet  root  is,  that 
of  colouring  oils,  unguents,  and  lip-falves.  Wax  tinged  with  it,  and  applied  on 
warm  marble,  ftains  it  of  a flelh  colour,  which  finks  deep  into  the  (lone;  as  the 
fpirituous  tindlure  gives  it  a deep  red  (lain. 

As  the  colour  of  this  root  is  confined  to  the  bark,  and  the  fmall  roots  have  more 
bark  in  proportion  to  their  bulk  than  the  great  one%  thefe  alfo  afford  moft  colour. 

ALLAY,  or  Alloy.  Where  any  precious  metal  is  mixed  with  another  of 
lefs  value,  the  affayers  call  the  latter  the  alloy,  and  do  not  in  general  confider  it  in 
any  other  point  of  view  than  as  debafing  or  diminifhing  the  value  of  the  precious 
metal.  Philofophical  chemifts  have  availed  themfelves  of  this  term  to  diftinguiftr  all 
metallic  compounds  in  general.  Thus  brafs  is  called  an  alloy  of  copper  and  zinc  ; 
bell-metal  an  alloy  of  copper  and  tin. 

ALMONDS.  Almonds  confift  chiefly  of  an  oil  of  the  nature  of  fat  oils,  together 
with  farinaceous  matter.  The  oil  is  fo  plentiful,  and  fo  loofely  combined  or  mixed 
with  the  other  principles,  that  it  is  obtained  by  Ample  preffure,  and  part  of  it  may 
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be  fqueezed  out  with  the  fingers.  There  are  two  kinds  of  almonds,  the  fweet  and 
bitter.  The  bitter  almonds  yield  an  oil  as  taftelefs  as  that  of  the  other,  all  the  bitter 
matter  remaining  in  the  cake  after  the  expreflion.  Great  part  of  the  bitter  matter 
diffolves  by  digeftion,  both  in  watery  and  fpirituous  liquors ; and  part  arifes  with 
both  in  diftillation.  Bitter  almonds  are  poifonous  to  birds,  and  to  fome  animals. 
A water  diftilled  from  them,  when  made  of  a certain  degree  of  (Length,  has 
been  found  from  experiment  to  be  poifonous  to  brutes ; and  there  are  inftances  of 
cordial  fpirits  impregnated  with  them  being  poifonous  to  men.  It  feems,  indeed, 
that  the  vegetable  principle  of  bitternefsin  almonds  and  the  kernels  of  other  fruits  is 
deftruftive  to  animal  life  when  feparated  by  diftillation  from  the  oil  and  farinaceous 
matter.  The  diftilled  water  from  laurel  leaves  appears  to  be  of  this  nature,  and  its 
poifonous  effects  are  well  known. 

ALOES.  This  is  a bitter  juice  extrafted  from  the  leaves  of  a plant  of  the  fame 
name.  Three  forts  of  aloes  are  diftinguilhed  in  the  (hops,  by  the  names  of  aloe 
foccotrina,  aloe  hepatica,  and  aloe  caballina.  The  firft  denomination,  which  is  ap- 
plied to  the  pureft  kind,  is  taken  from  the  ifland  of  Zocotora;  the  fecond,  or  next  in 
quality,  is  called  hepatica,  from  its  liver  colour ; and  the  third,  caballina,  from  the  ufe 
of  this  fpecies  being  confined  to  horfes.  Thefe  kinds  of  aloes  are  laid  to  differ  only 
in  purity,  though,  from  the  difference  of  their  flavours,  it  is  probable  that  they  may 
be  obtained  in  fome  inftances  from  different  fpecies  of  the  fame  plant.  It  is  certain, 
however,  that  the  different  kinds  are  all  prepared  at  Morviedro  in  Spain,  from  the 
fame  leaves  of  the  common  aloe.  Deep  incifions  are  made  in  the  leaves,  from  which 
thejuice  is  fuffered  to  flow, and  this, after  decantation  from  its  fediment,  and  infpiffa- 
tion  in  the  fun,  is  expofed  to  fale  in  leathern  bags  by  the  name  of  foccotrine  aloes. 

.An  additional  quantity  of  juice  is  obtained  by  preffure  from  the  leaves,  and 
this,  when  decanted  from  its  fediment  and  dried,  is  the  hepatic  aloes.  And  laftly, 
a portion  of  juice  is  obtained  by  ftrong  preffure  of  the  leaves,  and  is  mixed 
’with  the  dregs  of  the  two  preceding  kinds  to  form  the  caballine  aloes.  The  firft 
kind  is  faid  to  contain  much  lefs  refin.  The  principal  characters  of  good  aloes  are 
thefe  : it  muft  be  gloffy,  not  very  black,  but  brown  ; when  rubbed  or  cut,  of  a yel- 
low colour ; compaft,  but  eafy  to  break ; eafily  foluble,  of  an  unpleafant  peculiar 
fmell  which  cannot  be  defcribed,  and  an  extremely  bitter  tafte. 

Aloes  appears  to  be  an  intimate  combination  of  gummy  and  refinous  matter,  fo 
well  blended  together,  that  watery  or  fpirituous  folvents,  feparately  applied,  diffolve 
the  greateft  part  of  both.  It  is  not  determined  whether  there  be  any  difference  in 
the  medical  properties  of  thefe  folutions.  Both  are  purgative,  as  is  likewife  the  aloes 
in  fubftance;  and,  if  ufed  too  freely,  are  apt  to  prove  heating,  and  produce  hemor- 
rhoidal complaints. 

ALTHEA,  or  Marsii  Mallow.  Two  ounces  of  the  dry  root  yielded,  with 
water,  ten  drams  fifty  grains  of  mucilaginous  ex t raft  ; and  afterwards,  with  fpirir, 
forty-one  grains  of  refin.  The  fame  quantity,  treated  with  fpirir,  gave  fix  drams  of  a 
refinous  extraft,  a confiderable  portion  of  the  mucilage  diffolving  in  that  menftruum 
along  with  the  refin  ; the  remainder,  boiled  in  water,  gave  out  five  drams  and  forty- 
eight  grains  of  pure  mucilage.  The  infoluble  matter  amounts  to  fomewhat  more 
than  one  fourth  of  the  weight. 

ALUDEL.  The  procefs  of  fublimation  differs  from  diftillation  in  the  nature 
of  its  produft,  which  inftead  of  becoming  condenfed  in  the  fluid  affumes  the  folid 
ftate,  and  the  form  of  the  receivers  may  of  courfe  be  very  different.  The  receivers 
for  fublimates  are  of  the  nature  of  chimneys,  in  which  the  elaftic  produfts  are  con- 
denfed and  adhere  to  their  internal  furface.  It  is  evident  that  the  head  of  an  alem- 
bic will  ferve  very  well  to  receive  and  condenfe  fuch  fublimates  as  are  not  very 
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volatile.  The  earlier  chemifts,  whofe  notions  of  fimplicity  were  not  always  the  moft 
perfedt,  thought  proper  to  ufe  a number  of  fimilar  heads,  one  above  the  other,  com- 
municating in  fucceflion  by  means  of  a perforation  in  the  fuperior  part  of  each, 
which  received  the  neck  of  the  capital  immediately  above  it.  Thefe  heads  differing 
in  no  refped  from  the  ufual  heads  of  alembics,  excepting  in  their  having  no  nofe  or 
beak,  and  in  the  other  circumflances  here  mentioned,  were  called  aludels.  They 
are  feldom  now  to  be  feen  in  chemical  laboratories,  becaufe  the  operations  of  this- 
art  may  be  performed  with  greater  fimplicity  of  inflruments,  provided  attention  be 
paid  to  the  heat  and  other  circumflances.  See  Apparatus. 

ALUM.  This  is  a cryflallizable  fait  compofed  of  vitriolic  acid  united  with  ar- 
gillaceous earth.  It  has  an  auflere,  fweetifh,  and  ftrongly  aflringent  tafle,  which 
feems  to  proceed  chiefly  from  a portion  of  the  vitriolic  acid  which  is  neceffary  to  its 
folubility  in  water  and  cryflalline  form,  though  it  be  more  than  requifitd  to  produce 
neutralization,  as  judged  by  the  teft  of  turnfole  and  blue  papery  which  it  reddens.  A 
confiderable  number  of  inftances  may  be  exhibited  in  chemiftry  where  a fuperabun- 
dance  of  one  of  the  two  principles  in  compound  falts  is  neceffary  to  produce  the 
fineft  cryftals,  and  the  mofl  permanent  combination.  See  Ac it>  of  Tartar  and 
Acid  of  Phosphorus.  If  the  excefs  of  acid  in  alum  be  taken  away,  all  the  tafle, 
the  folubility,  and  the  original  properties  of  the  fait,  are  loft. 

One  hundred  parts  of  cryftallized  alum  require,  in  a mean  heat,  about  fourteen 
times  its  weight  of  water  to  diffolve  it ; but  boiling  water  diffolves  one  third  more  than 
its  own  weight  of  this  fait,  mofl  ofwhichconfequentlyfeparates  by  cooling.  If  cryftallized 
alum  be  expofed  to  a gradual  heat,  it  firft  becomes  fluid  by  a kind  of  aqueous  fufion, 
in  which  its  own  water  of  cryftallization  is  the  principal  agent ; the  remaining  mafs, 
after  mofl  of  the  water  has  been  expelled,  grows  opake,  fwells,  foams,  and  at  length 
remains  quiet,  fpungy,  and  friable.  Ignition  drives  off  fome  of  its  fuperabundant 
acid.  The  quantity  of  earthy  balls  in  alum  may  be  determined  by  precipitation  with 
fixed  or  volatile  alkali.  In  this  way,  however,  there  is  a fource  of  inaccuracy  arifing 
from  the  infolubility  of  the  alum,  which  takes  place  as  foon  as  its  fuperabundant  acid 
has  combined  with  the  alkali.  At  this  period,  a portion  of  the  neutral  combination 
of  clay  and  vitriolic  acid  falls  down  without  further  decompofition.  Long  continued 
digeftion  in  an  alkaline  lixivium  is  neceffary  to  feparate  the  whole  of  the  acid.  The 
volatile  alkali  is  preferable  in  clearing  the  bafe  of  alum,  becaufe  it  would  unite  to 
fixed  alkalis.  The  mofl  commodious  method  of  obtaining  pure  argillaceous  earth 
confifts  in  precipitating  it  in  this  manner  from  alum.  See  Earth,  argil- 
laceous. 

In  this  way  Bergman  found  one  hundred  parts  of  cryftallized  alum  to  contain 
forty-four  of  water,  eighteen  of  clay,  and  confequently  thirty-eight  of  vitriolic  acid, 
and  probably  water,  which  could  not  be  made  to  quit  the  acid. 

Alum  is  produced,  but  in  a very  fmall  quantity,  in  the  native  flate ; and  this  is 
mixed  with  heterogeneous  matters.  It  efflorefces  in  various  forms,  upon  ores  during 
calcination,  but  it  feldom  occurs  cryftallized.  The  greater  part  of  this  fait  is  fa&itious, 
being  extracted  from  various  minerals  called  alum  ores,  fuch  as,  i.  Sulphurated 
clay.  This  conftitutes  the  pureft  of  all  aluminous  ;ores,  namely,  that  of  la  Tolfa, 
near  Civita  Vecchia,  in  Italy.  It  is  white,  compadl,  and  as  hard  as  indurated  clay ; 
from  whence  it  is  called  petra  aluminaris.  It  is  taftelefs  and  mealy  : one  hundred 
parts  of  this  ore  contain  above  forty  of  fulphur  and  fifty  of  clay,  a fmall  quantity  of 
fixed  vegetable  alkali,  and  a little  iron.  Bergman  fays  it  contains  forty-three  of 
fulphur  in  one  hundred,  thirty-five  of  clay,  and  twenty-two  of  liliceous  earth.  This 
ore  is  firft  torrefied  to  decompofe  the  fulphur,  whofe  vitriolic  acid  reads  on  the  clay, 
and  forms  the  alum. 
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2.  The  pyritaceous  clay,  which  is  found  at  Schwemfal,  in  Saxony,  at  the  depth  of 
ten  or  twelve  feet.  It  is  a black  and  hard,  but  brittle  fubdance,  confiding  of  clay, 
pyrites,  and  bitumen.  It  is  expofed  to  the  air  for  two  years  ; by  which  means  the 
pyrites  are  decompofed,  and  the  alum  is  formed.  The  alum  ores  of  Heffe  and 
Liege  are  of  this  kind  : but  they  are  fird  torrefied,  which  is  faid  to  be  a difadvan- 
tageous  method. 

3.  The  flfidus  aluminaris  contains  a variable  proportion  of  petroleum  and  py- 
rites intimately  mixed  with  it.  When  thefe  lad  are  in  a very  large  quantity,  this 
ore  is  rejected  as  containing  too  much  iron.  Profefi’or  Bergman  very  properly  fug- 
geded,  that  by  adding  a proportion  of  clay  this  ore  may  turn  out  advantageoufly  for 
producing  alum.  But  if  the  petrol  is  confiderable,  it  mud  be  torrefied.  The  mine 
of  Becket  in  Normandy,  and  thofe  of  Whitby  in  Yorkfhire,  are  of  this  fpecies. 

4.  Volcanic  aluminous  ore.  Such  is  that  of  Solfaterra  near  Naples.  It  is  in  the 
form  of  a white  faline  earth,  after  it  has  effiorefeed  in  the  air ; or  elfe  it  is  in  a dony 
form. 

5.  Bituminous  alum  ore  is  called  diale,  and  is  in  the  form  of  a fhiftus,  impreg- 
nated with  fo  much  oily  matter  of  bitumen  as  to  be  inflammable.  Is  found  in  Swe- 
den, and  alfo  in  the  coal  mines  at  Whitehaven,  and  elfewhere. 

6.  Alum  might  alfo  be  extracted  from  many  fpecies  of  pyrites ; but  fo  contami- 
nated with  iron  as  fcarce  to  pay  the  expences  of  the  operation. 

The  preparation  of  alum  confids  in  rendering  the  ores  aluminous  in  the  fird  place, 
and  next  in  diflolving  and  purifying  the  fait.  Mod  of  the  alum  ores  contain  clay  and 
fulphur,  which  lad  requires  to  be  converted  into  vitriolic  acid  before  it  can  form  the 
aluminous  combination.  For  this  purpofe  expofure  to  the  air  and  occafional  wa- 
tering is  effectual,  and  is  in  many  places  ufed  : but  it  is  lefs  expeditious  than  the 
converfion  of  the  fulphur  into,  vitriolic  acid  by  aCtual  combudion.  The  chief  dif- 
ficulty of  this  procefs  is,  that  the  fulphur  mud  be  gradually  and  fufflciently  burned 
without  expelling  it  by  too  great  a heat,  which  would  likewife  be  attended  with 
a fufion  of  the  earthy  parts  that  would  render  them  capable  of  refiding  the  fubfe- 
quent  aCtion  of  the  water.  After  the  ore  has  been,  partly  by  calcination,  and  partly 
by  fpontaneous  efflorefcence,  reduced  to  fuch  a date  as  that  it  can  be  made  into  a 
pade  by  the  hand,  it  is  fit  for  boiling,  which  is  ufually  performed  in  large  leaden 
caldrons.  In  many  manufactories  a cold  elixation  is  performed,  until  the 
faline  folution  is  faturated;  after  which  it  is  boiled  until  it  be  fufficiently  drong 
for  crydallization.  This  fliould  not  be  too  much  loaded,  becaufe  otherwife  it 
would  begin  to  depofit  crydals  by  cooling  before  its  earthy  impurities  had  fubfided. 
Some  take  the  floating  of  a newly  laid  egg  as  a token  of  the  boiling  being  finiflied  ; 
a rough  method  indeed,  as  well  becaufe  the  part  above  the  liquor  may  be  very  dif- 
ferent, and  likewife  becaufe  the  fpecific  gravity  of  eggs  foon  changes.  The  fpe- 
cific  gravity  of  a fluid  which  jud  prevents  a new  laid  egg  from  finking  is  about 
1 .08 1 . 

Thelixivium,  diffidently  concentrated  by  evaporation,  is  conveyed  through  channels 
into  coolers,  where,  in  about  an  hour,  it  is  freed, by  depofition,  from  the  grofier  hete- 
rogeneous particles;  it  is  then  put  into  either  done  or  wooden  receptacles.  In  eight 
or  ten  days  the  lixivium,  commonly  called  magidral  water,  flows  into  another  veflel, 
leaving  behind  a number  of  crydals,  generally  fmall  and  impure,  which  incrud  the 
bottom  and  fides  of  the  veflel.  Thefe  are  collected,  and  wafhed  from  the  impurities 
which  adhere  externally  with  cold  water:  the  impurities  remaining  in  the  refervoir 
after  wafhing  are  kept  by  themfelves. 

The  waflied  crydals  are  then  put  into  the  boiler  ufed  for  purifying  them,  and  are 
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dilfolved  in  a quantity  of  water  fo  final)  as  barely  to  fufpend  the  fait  when  boiling 
hot.  The  alum  liquor  is  then  poured  into  large  ftrong  wooden  calks,  whofe  (laves 
and  hoops  are  all  numbered  that' they  may  be  more  readily  put  together.  In  thefe 
the  alum  gradually  (hoots  into  large  crydals  about  the  fides ; the  liquor  in  the  mid- 
dle is  then  let  off  by  a cock  in  the  bottom,  and  the  veffel  turned  upfide  down  for  the 
more  effectual  draining  of  the  remaining  fluid.  Laffly,  the  cryftals  are  dried  in  a 
(love,  and  packed  up  in  calks  for  fale. 

Jn  order  to  obtain  the  alum  more  pure  at  the  fecond  cryftallization,  fome  additions 
are  employed  in  many  of  the  manufactories,  fuch  as  alkalis,  lime,  or  urine.  It  is 
even  afterted  that  good  cryftals  of  this  fait  cannot  be  obtained  without  fuch  addi- 
tions. We  have  not  any  clear  account  what  it  is  that  thefe  additions  perform. 
Urine  is  thought  to  be  ufeful  only  by  virtue  of  the  volatile  alkali  it  contains.  It 
is  thought  that  thefe  additions  engage  with  a fuperabundant  acid,  which  from  the 
decompofition  of  alum  by  alkaline  fubftances  does  not  feem  to  be  the  only  ufe.  As 
this  proceeding  is  attended  with  advantage  in  the  treatment  of  many  kinds  of  alu- 
minous lie,  it  feems  not  unlikely  but  that  it  may  decompofe  vitriols  and  other  me- 
tallic falts  which  might  interrupt  the  cryftallization  of  the  alum,  and  at  the  fame  time 
render  it  impure.  Thus  martial  vitriol,  a fait  frequently  abounding  in  the  alum 
ores  after  efflorefcence,  would  be  converted  into  calx  of  iron  and  felenite  by  the  ad- 
dition of  lime ; both  which  fubftances  would  fall  down,  on  account  of  their  very 
('paring  folubility  in  that  quantity  of  water  which  is  fufficient  to  fufpend  the  alum. 
So  likewife  the  addition  of  potalh,  or  the  vegetable  alkali,  would  produce  calx  of 
iron  and  vitriolated  tartar,  the  latter  of  which  requires  a very  confiderable  quantity 
of  water  to  diflolve  it.  It  is  fcarcely  neceffary  to  purfue  thefe  obfervations,  as  they 
would  require  to  be  varied  according  to  the  nature  of  the  impurities  in  the  lie,  and 
other  circumftances,  among  which  the  difpofition  to  form  triple  combinations, 
which  exhibits  itfelf  where  a variety  of  principles  are  fufpended  in  the  fame  folvent,  is 
not  one  of  the  lead  confiderable. 

In  fuch  cafes  fas  it  is  afcertained  that  the  alum  is  rendered  more  foluble,  and  con- 
fequently  lefs  cryftallizable,  by  & fuperabundance  of  vitriolic  acid)  the  mod  obvious 
and  profitable  remedy  feems  to  be  that  of  Bergman,  who  advifes  the  addition  of  clay, 
which  at  the  fame  time  that  it  prevents  the  noxious  fuperabundance,  increafes  the 
quantity  of  alum.  This  fliould  be  added  at  the  very  firft,  when  the  lixivium  is  put 
into  the  boiler.  All  the  lixivium  may  then  be  reduced  to  a tenacious  mafs,  and  formed 
into  cakes,  which  may  be  expofed  to  the  open  air  under  a (hed.  In  this  fituation  the 
iron  of  the  vitriol  becomes  more  perfectly  calcined  by  the  aCtion  of  the  air,  fo  as  to 
retain  its  acid  much  lefs  forcibly ; which  likewife,  by  its  (Longer  attraction,  is  difpofed 
to  unite  with  the  clay.  Calcination  accelerates  this  effect ; but  it  mud  be  cautioufly 
employed  for  fear  of  expelling  the  acid.  In  all  thefe  manipulations,  it  is  evident 
that  much  may  be  gained  or  lod  in  the  treatment  of  alum  ores,  accordingly  as  the 
(kill  and  intelligence  of  the  manufaturer  may  lead  him  to  employ  fuch  proceffes  as 
are  bed  fuited  to  their  contents 

Alum  is  ufed  in  large  quantities  in  many  manufatories.  It  is  extenfively  ufeful 
in  the  art  of  dying.  When  added  to  tallow,  it  renders  it  harder.  Printers’  cufhions, 
and  the  blocks  ufed  in  the  calico  manufactory,  are  rubbed  with  burnt  alum  to  re- 
move any  greafinefs  which  might  prevent  the  ink  or  colour  from  dicking.  Wood 
diffidently  foaked  in  alum  does  not  eafily  take  fire ; and  the  fame  is  true  of  paper 
impregnated  with  it,  which  is  fitter  to  keep  gunpowder,  as  it  alfo  excludes  moidure. 


* ConfiJt  Bergman  on  the  preparation  of  alum. 
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Paper  impregnated  with  alum  is  ufeful  in  whitening  filver,  and  filvering  brafs  with- 
out heat.  Alum  mixed  in  milk  helps  the  reparation  of  its  butter.  If  added  in  a 
very  fmall  quantity  to  turbid  water,  in  a few  minutes  it  renders  it  perfectly  limpid, 
without  any  bad  tafte  or  quality;  whilft  the  vitriolic  acid  does  not  precipitate  fo 
foon,  nor  fo  well,  the  opake  earthy  mixtures  that  renders  it  turbid,  and  gives  to  it 
a very  fenfible  acidity,  as  I have  often  tried.  It  is  ufed  in  making  the  pyrophorus, 
in  tanning,  and  many  other  manufactories,  particularly  in  the  art  of  dying,  in  which 
it  is  of  the  greateft  and  molt  important  ufe,  by  cleanfing  and  opening  the  pores  on  the 
furface  of  the  fubftance  to  be  dyed,  rendering  it  fit  for  receiving  the  colouring  par- 
ticles (by  which  the  alum  is  generally  decompofed),  and  at  the  fame  time  making 
the  colour  fixed.  Alum  conftitutes  the  bafis  of  crayons,  which  generally  confift  of 
the  earth  of  alum,  finely  powdered,  and  tinged  for  the  purpofe. 

Alum  is  prepared  in  England,  and  many  other  parts  of  the  world,  and  was  for- 
merly diflinguifhed  by  various  names.  The  rock  alum  is  fuppofed  to  derive  its  name 
from  an  ancient  city  in  Syria,  called  Roccho,  at  prefent  Edeffa,  where  one  of  the 
earlieft  manufactories  was  carried  on.  The  Roman  alum  has  been  confidered  as  the 
beft  fort.  It  has  a rofy-coloured  tinge,  which  arifes  from  about  J-  of  its  weight  of 
a rofe-coloured  earth,  the  nature  of  which  was  not  afcertained  by  Bergman,  though 
he  found  that  the  goodnefs  of  the  alum  does  not  depend  upon  it.  This  alum  is  not 
preferred  to  other  good  alum  by  our  manufacturers.  Plume  alum  is  a name  given  to 
two  very  different  fubftances.  The  one  appears  to  be  true  alum  produced  by  the 
defecation  of  aluminous  waters,  which  tranfude  through  grottos  and  caverns,  and 
leave  this  fait  behind  in  feathery  cryflals.  This  is  feldom  met  with.  The  other 
fubftance  to  which  this  .name  has  been  given,  is  the  fibrous  afbeftos,  which  contains 
no  alum  ; but  from  half  to  three  fourths  of  its  weight  of  filiceous  earth,  from  one 
eighth  to  one  third  of  mild  magnefia,  and  the  reft  calcareous  earth,  with  a minute 
proportion  of  clay,  and  fometimes  iron. 

ALUTA  MONTAN  A.  This  is  one  of  the  names  of  the  coriaceous  afbeftos,  or 
mountain  cork.  It  is  eafily  diflinguifhed  by  its  elafticity  and  lightnefs,  for  it  floats  a 
long  time  on  water.  Its  colour  is  either  white,  yellow,  brown,  green,  or  black;  and 
its  texture  refembles  thofe  fubftances  from  which  it  has  received  its  names:  ioo 
parts  of  it  contain  from  56  to  62  of  flex  ; from  22  to  26  of  mild  magnefia;  from 
10  to  12  of  mild  calcareous  earth  ; from  2 to  2,8  of  argil;  and  about  3 of  iron. 

AMALGAM.  This  name  is  applied  to  the  combinations  or  mixtures  of  mer- 
cury with  other  metallic  fubftances.  As  this  metal  is  fo  exceedingly  fufible  as  to 
be  always  in  the  fluid  ftate  in  climates  of  a moderate  temperature,  it  unites  with 
many  of  the  metals  without  any  greater  heat  than  that  which  it  ufually  poflefles. 
For  this  purpofe,  therefore,  nothing  more  is  neceflary  than  to  triturate  thin  leaves, 
or  plates,  or  filings  of  the  metallic  fubftance  with  mercury.  In  other  inftances, 
where  the  difpofition  to  combine  is  lefs  powerful,  it  is  found  neceflary  either  to  fufe 
or  ignite  the  metal  intended  to  be  amalgamated.  When  a fmall  quantity  of  mer- 
cury is  combined  with  any  metal,  it  renders  it  brittle,  or  rather  friable  ; a greater 
quantity  of  mercury  produces  a kind  of  imperfedt  fluidity  refembling  that  of  butter. 
This  is  commonly  called  the  confidence  of  an  amalgam.  A ftill  greater  quantity  of 
mercury  renders  the  mafs  more  fluid,  but  not  uniformly  fo;  for  a portion  of  the  amal- 
gam either  floats  at  the  top,  or  finks  to  the  bottom,  inftead  of  intimately  combining 
with  the  whole  of  the  mercury.  This  fadl  is  of  the  fame  kind  as  that  wherein  falts 
are  foluble  in  water  in  limited  quantities,  beyond  which  they  ceafe  to  be  taken  up. 
Mercury  very  readily  combines  with  gold,  filver,  lead,  tin,  bifmuth,  and  zinc.  In 
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making  an  amalgam  of  gold  or  filver,  the  clippings  of  the  leaves  from  the  gold- 
beaters may  be  ufed,  or  thin  plates  of  the  metals  may  be  ignited,  and  plunged  in 
mercury  previoufly  heated,  fo  as  to  fmoke.  When  the  quantity  of  mercury  is  fo 
large  as  to  be  fluid  when  cold,  the  fuperfluotis  mercury  may  be  Brained  off  by  pref- 
fure  through  a leathern  bag.  The  remaining  amalgam  of  gold  contains  about  one 
third  of  its  weight  of  mercury,  but  Is  perfectly  white.  The  amalgam  of  filver  links 
in 'mercury,  and  confequently  is  heavier  than  either  mercury  or  filver. 

Mercury  unites  with  difficulty  into  an  amalgam  with  copper  and  arfenic;  and 
fcarcely  at  all  with  platina,  or  with  iron.  This  latter  metal,  however,  does  not  ab- 
folutely  refufe  to  combine  with  mercury,  for  it  adheres  to  and  coats  the  ends  of  iron 
peftles  ufed  for  the  trituration  of  amalgams : and  Dr.  Lewis  has  obferved,  that  a 
plate  of  tough  iron  is  rendered  brittle  by  keeping  it  immerfed  in  mercury  for  fome 
days  ; a fad  which  has  been  experienced  in  another  way  by  Mr.  de  Luc,  who  found 
that  fprings  immerfed  under  mercury,  in  the  conftrudion  of  a barometer,  were  ren- 
dered brittle  and  ufelefs  by  its  adion.  Iron  ignited  to  a white  heat,  and  thrown  into 
a large  mafsof  mercury,  becomes  completely  covered  with  a ferruginous  bright  amal- 
gam. Regulus  of  antimony  unites  with  mercury,  though  with  great  difficulty. 
Nickel  and  cobalt  are  faid  not  to  unite  with  mercury;  and  its  adion  on  manga- 
nefe,  wolfram,  and  molybdena,  is  not  known. 

Amalgams  are  applied  to  a confiderable  number  of  ufeful  purpofes.  The  amal- 
gam of  gold  is  ufed  in  the  procefs  called  water  gilding,  in  which  the  mercury  firfh 
ferves  as  the  medium  of  adhefion  between  the  gold  and  copper,  and  is  afterwards 
driven  off  by  heat.  See  Gilding.  Looking  glaffes  are  filvered  by  an  amalgam  of 
tin.  See  Silvering.  The  amalgam  of  zinc,  triturated  with  tallow,  is  found  to  affiffc 
the  excitation  or  produdion  of  eledricity,  by  the  fridion  of  a cufliion  againft  glafs,. 
in  a wonderful  degree  ; infomuch  that  the  quantity  of  eledricity  is  20  or  30  times 
as  great  as  without  it. 

When  mercury  is  contaminated  with  any  impeded  metal,  it  is  found  that  by  agi- 
tation, in  contad  with  vital  air,  or  the  air  of  the  atmofphere,  the  imperfed  metal, 
becomes  converted  into  a black  powdery  calx,  which  feparates  from  the  mer- 
cury. 

AMANDOLA.  This  is  a green  marble  having  the  appearance  of  a honey- 
comb, and  containing  white  fpots  : 100  parts  of  it  contain  76  of  mild  calcareous 
earth;  20  of  Ihiftus ; 2 of  iron,  partly  calcined.  The  cellular  appearance  proceeds 
from  the  * fhiftus. 

AMBER  is  a hard,  brittle,  taftelefs  fubftance,  fometimes  perfedly  tranfparent, 
but  moftly  femi-tranfparent  or  opake,  and  of  a gloffy  fubftance  : it  is  found  of  all. 
colours,  but  chiefly  yellow  or  orange,  and  often  contains  leaves  or  infeds ; its  fpe- 
cific  gravity  is  from  1,065  to  G000;  its  fradure  is  even,  fmooth,  and  gloffy;  it  is. 
capable  of  a fine  polilh,  and  becomes  eledric  by  fridion  ; when  rubbed  or  heated, 
it  gives  a peculiar  agreeable  fmell,  particularly  when  it  melts,  that  is  at  5 50  of  Fah- 
renheit, but  it  then  lofes  its  tranfparency ; projeded  on  burning  coals  it  burns  with  a. 
whitifti  flame,  and  a whitilh  yellow  fmoke,  but  gives  very  little  foot,  and  leaves 
brownifh  afhes ; it  is  infoluble  in  water  and  fpirit  of  wine,  though  this  latter,  when, 
highly  redified,  extrads  a reddifh  colour  from  it;  but  it  is  loluble  in  the  vitriolic 
acid,  which  then  acquires  a reddifh  purple  colour,  and  is  precipitable  from  it  by 
water ; no  other  add  diffolves  it,  nor  is  it  foluble  in  fixed  alkalis,  nor  in  effential 

* Kirwan’s  Mineralogy.. 
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nor'  expreffed  oils,  without  fome  decompofition  and  long  digeftion ; but  balfams 
diffolve  it  readily  ; 75  grains  of  it  alkalize  100  of  nitre ; by  diftillation  it  affords  a 
fmall  quantity  of  water,  an  oil  of  the  nature  of  petrol,  and  a peculiar  acid.  See  Acid 
of  Amber.  Amber  is  met  with  plentifully  in  regular  mines  in  fome  parts  of 
Pruftia.  The  upper  furface  is  compofed  of  fand,  under  which  is  a ftratum  of  loam, 
and  under  this  a bed  of  wood  partly  entire,  but  chiefly  mouldered  or  changed  into  a 
bituminous  fubftance.  Under  the  wood  is  a ftratum  of  vitriolic  or  rather  aluminous 
mineral,  in  which  the  amber  is  found.  Strong  fulphureous  exhalations  are  often 
perceived  in  the  pits  *. 

Amber  having  been  formerly  confidered  as  a valuable  fubftance,  and  the 
fpecimens,  which  are  large,  or  contain  entire  or  perfect  infefts  within  them,  being 
ftill  of  confiderable  price,  the  methods  of  foftening  it  fo  as  to  introduce  thefe  extra- 
neous bodies,  or  of  uniting  fmaller  pieces  together,  have  been  kept  as  profitable 
fecrets,  if  it  be  true  that  they  ever  were  difcovered.  It  is  laid  that  two  pieces  of 
this  fubftance  may  be  united  by  wetting  them  with  oil  of  tartar,  and  applying  them 
together  with  heat ; and  Wallerius  mentions,  that  pieces  of  yellow  amber  may  be 
foftened,  formed  into  one,  and  even  diffolved,  by  means  of.  oil  of  turnip- feed,  in  a 
gentle  heat  ; and  that,  according  to  fome  authors,  it  may  be  rendered  tranfparent  by 
boiling  in  rape-feed  oil,  linfeed  oil,  fait  water,  &c.  Neumann,  however,  denies  that 
either  fait  water  or  linfeed  oil  produce  this  effedt ; though  he  dates,  as  the  common 
practices  of  workmen,  the  following  methods  : the  one  confifts  in  furrounding  the 
amber  with  fand  in  an  iron  pot,  and  cementing  it  with  a gradual  fire  for  forty  hours, 
fome  fmall  pieces  placed  near  the  fides  of  the  veffel  being  occafionally  taken  out  for 
judging  of  the  effedt  of  the  operation  ; the  fecond  method,,  which  he  fays  is  that 
moft  generally  pradtifed,  is  by  digefting  and  boiling  the  amber  about  twenty  hours 
with  rape-feed  oil,  by  which  it  is  rendered  both  clear  and  hard. 

There  appears  to  be  no  doubt  but  amber  is  ufed  in  the  making  of  varnifhes, 
though  probably  in  many  inftances  the  name  may  be  ufed  to  recommend  varnifties 
not  really  made  of  this  fubftance.  The  fame  general  views  of  profit  have  induced 
artiftsto  conceal  their  methods  of  making  thefe  varnifties.  The  chief  circumftance  to 
be  attended  to  in  this  procefs  appears  to  confift  in  a previous  roafting  of  the  amber, 
by  which  its  principles  are  altered  in  their  arrangement,  and  it  buffers  a partial  de- 
compofition, which  appears  to  be  neceffary  to  render  it  foluble  in  linfeed  oil,  or 
effential  oils  ; and  it  can  hardly  be  doubted  but  that  the  quality  of  the  varnifti  will 
• be  greatly  affedted  by  the  degree  of  torrefadtion,  the  heat  of  digeftion,  and  other 
circumftances  not  eafily  determinable,  except  by  trial  and  experience. 

AMBERGRIS  is  found  in  the  fea,  near  the  coafts  of  various  tropical  countries ; 
and  is  either  white,  black,  afh- coloured,  yellow,  or  blackifh;  or  is  variegated,  namely 
grey  with  black  fpecks,  or  grey  with  yellow  fpecks.  A flight  warmth  foftens  it  like 
pitch  ; by  a greater  heat  it  takes  fire  ; and  its  chemical  produdts  refemble  thofe  of 
bitumens,  among  which  it  has  ufually  been  ranked.  Its  fmell  is  peculiar,  and  not 
eafy  to  be  counterfeited  : linfeed  oil  diffolves  it  by  the  afliftance  of  heat;  as  does 
likewife  ftrong  ardent  fpirit  at  the  heat  of  ebullition.  The  quantity  taken  up  by 
ardent  fpirit  is  about -A-  part  of  its  weight;  and  if  the  fpirit  be  buffered  to  exhale  by 
fpontaneous  evaporation,  part  of  the  diffolved  matter  feparates  in  the  form  of  a white 


* Neumann’s  Chemiftry, 
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unctuous  fubftance  refembling  tallow,  which  however  is  taken  up  again  upon  the 

addition  of  more  fpirit. 

it  is  at  prefent  a general  opinion  that  ambergris  is  an  excrementitious  fubftance 
voided  by  the  phyfeter-macrocephalus,  or  fpermaceti  whale.  This  is  chiefly 
grounded  on  the  enquiries  and  obfervations  of  Dr.  Swediar,  in  the  Philofophical 
Transactions  for  the  year  1 783.  Mr.  Magellan,  however,  mentions  an  undoubtedly 
vegetable  ambergris  gathered  from  a tree  which  grows  in  Guyana,  and  is  called 
Cuma.  Specimens  of  this  were  prefented  to  him  by  Mr.  Aublet,  author  of  the 
Hiftoire  de  la  Guyane,  publifhed  in  1774,  who  himfelf  colleded  it  on  the  fpot  j 
and  Mr.  Magellan  prefented  part  of  it  to  the  late  Dr.  Fothergill,  and  alfo  to  Dr. 
Combe.  It  is  of  a whitiSh  brown  colour  with  a yellowifh  Shade ; melts  and  burns 
like  wax  on  the  fire,  but  is  rather  of  a more  powdery  confidence,  fays  this  author  *, 
than  any  amber  (or  rather  ambergris)  he  had  feen. 

AMETHYST.  The  amethyft  is  a gem  of  a violet  colour  and  great  brilliancy, 
faid  to  be  as  hard  as  the  ruby  or  fapphire,  from  which  it'only  differs  in  colour. 
This  is  called  the  oriental  amethyft,  and  is  very  rare.  When  it  inclines  to  the  pur- 
ple or  rofy  colour,  it  is  more  efteemed  than  when  it  is  nearer  to  the  blue.  Thefe 
amethyfts  have  the  fame  figure,  hardnefs,  Specific  gravity,  and  other  qualities,  as  the 
beft  fapphires  or  rubies,  and  come  from  the  fame  places,  particularly  from  Perfia, 
Arabia,  Armenia,  and  the  Weft  Indies.  The  occidental  amethyfts  are  merely  co- 
loured cryftals  or  quartz. 

AMMONIAC  GUM.  This  is  a gum  refin,  from  an  ounce  of  which  fix 
drams  may  be  diffoived  in  ardent  fpirit,  or  fix  drams  two  fcruples  and  a half  by 
water,  according  to  Newman. 

AMMON  I AC  AL  SALTS.  The  combination  of  marine  acid  and  volatile  al- 
kali is  known  by  the  name  of  fal  ammoniac,  a name  which  has  been  variously  de- 
rived. By  fome  it  is  taken  from  one  of  the  Cyrenaic  territories,  Ammonia ; by 
others  from  the  temple  of  Jupiter  Ammon ; and  by  others  from  the  Greek  word 
which  denotes  fand,  the  fait  being  faid  to  have  been  found  plentifully  in  Ammonia, 
and  near  Ammon’s  temple,  in  fandy  grounds.  Salts  containing  the  volatile  alkali 
are  very  commonly  called  ammonlacal  falts. 

It  is  however  a fubjed  of  controverfy  whether  the  fal  ammoniac  of  the  ancientshvas 
not  of  a different  nature  from  that  which  we  distinguish  by  the  fame  name  ; and  whe- 
ther it  was  not  marine  fait  or  mineral  alkali,  as  the  true  modem  fal  ammoniac  is 
never  found  native,  or  at  leaft  not  in  any  tolerably  pure  Slate.  Common  fal  am- 
moniac is  an  artificial  preparation  formerly  made  only  in  Egypt ; and  its  component 
parts  were  long  known  to  the  European  chemifts  before  any  attempts  were  made 
to  manufadure  it  here.  By  various  accounts  it  is  Slated  that  the  Egyptians  procure 
it  by  fublimation  from  foot  of  cows’ dung  or  camels’  dung,  urine,  and  common  fait]: 
but  from  fubfequent  accounts,  tranfmitted  to  the  Royal  Academy  at  Paris,  it  appears 
to  be  incontrovertibly  eftabliShed,  that  this  fait  is  procured  by  fublimation  from  the 
foot  alone  without  any  addition.  The  chimneys  in  which  cow-dung  only  is  burnt 
are  faid  to  furniSh  the  beft  foot,  and  this  yields  between  one  fourth  and  one  fifth  of  its 
weight  of  fal  ammoniac  ; but  in  the  general  courfe  of  thefe  operations  the  produd  is 
not  more  than  one  feventh  of  the  whole  weight  of  foot.  The  Subliming  veffels  are 
of  various  Sizes,  the  -fmalleft  containing  about  twelve  pounds  of  foot,  and  the  largeft 
fifty  ; but  they  fill  them  only  about  three  quarters  full,  in  order  to  leave  room  for 
the  fublimation  of  the  fait. 


* Magellan’s  Cronftedt,  page  458. 
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The  furnace  in  which  thefe  balloons  are  placed  confifts  of  four  walls  built  in  » 
quadrangular  form.  The  two  front  walls  are  ten,  and  the  fides  nine  feet  long  : but 
they  are  all  five  feet  high  and  ten  inches  thick.  Within  the  quadrangle  formed 
by  thefe  walls,  three  arches  run  lengthwife  from  end  to  end  thereof,  at  the  dis- 
tance of  ten  inches  afunder.  The  mouth  of  this  furnace  is  in  the  middle  of  one  of 
its  fronts,  and  of  an  oval  form  j two  feet  four  inches  high,  and  fixteen  inches 
wide. 

Tire  balloons  lie  in  the  fpaces  between  the  arches  of  the  furnace,  which  ferve  in- 
ftead  of  a grate  to  fupport  them.  Four  of  them  are  ufually  placed  in  each  interval, 
which  makes  fixteen  for  one  furnace.  They  are  fet  at  the  distance  of  about  half  a foot 
from  each  other,  and  fecured  in  their  places  with  brick  and  earth  : but  they  leave 
about  four  inches  on  the  upper  part  of  the  balloon  uncovered,  with  a view  to  pro- 
mote the  fublimation,  as  they  alfo  do  fix  inches  of  the  inferior  part,  that  the  heat  may 
the  better  aft  on  the  matter  to  be  fublimed.  Things  being  thus  prepared,  they  firlb 
make  a fire  with  draw,  which  they  continue  for  an  hour.  Afterwards  they  throw  in 
cows’  dung  made  up  in  fquare  cakes  like  bricks.  (The  want  of  wood  in  this  coun- 
try is  the  reafon  that  they  generally  make  ufe  of  this  fuel.)  Thefe  cakes  of  dung 
add  to  the  violence  of  the  fire,  which  they  continue  in  this  manner  for  nineteen 
hours ; after  which  they  increafe  it  confiderably  for  fifteen  hours  more,  and  them 
they  flacken  it  by  little  and  little. 

When  the  matter  contained  in  the  veflTels  begins  to  grow  hot,  that  is,  after  fix  or 
feven  hours  baking,  it  emits  a very  thick  and  ill-fcented  fmoke,  which  continues  for 
fifteen  hours.  For  hours  after  that  the  fal  ammoniac  is  obferved  to  rife  in  white 
flowers,  which  adhere  to  the  infide  of  the  neck  of  the  veflel ; and  thofe  who  have  the 
direftion  of  the  operation  take  care,  from  time  to  time,  to  pafs  an  iron  rod  into  the 
neck  of  the  balloon,  in  order  to  preferve  a pafifage  through  the  faline  vault  for  giving 
v.ent  tofome  blueilh  vapours,  which  conftantly  iflue  out  of  the  veflel  during  the  whole 
operation  *. 

The  preparation  of  fal  ammoniac,  in  the  European  manufaftories,  has  been  al- 
ready mentioned  under  the  article  of  Alkali,  volatile,  which  fee. 

The  tafte  of  fal  ammoniac  is  penetrating,  acrid,  and  urinous.  The  form  of  its 
cryftals  is  that  of  a fix-fided,  very  long  pyramid,  the  union  of  which  caufes  the 
fublimed  fait  to  poffefs  a ftriated  texture.  This  fait  is  remarkably  deficient  in  that 
degree  of  brittlenefs  which  characterizes  faline  cryftals.  It  appears  to  be  in  fome 
meafure  flexible,  and  has  fo  much  elafticity,  that  it  rebounds  under  the  ftroke  of  a 
hammer,  and  cannot  without  difficulty  be  pulverized,  or  broken  into  fmall  pieces. 
This  fait  is  totally  volatile,  though  it  requires  a confiderable  heat  to  raife  it, 
nearly  the  fame  as  melts  lead.  This  is  the  belt  method  of  purifying  fal  ammoniac.. 
It  feems,  however,  by  reports  of  fonje  of  the  earlier  chemifts,  that  repeated  fubli- 
mations  alter  the  properties  of  this  fait,  and  render  it  lefs • confident-.  This  faft  re^ 
quires  to  be  more  particularly  examined,  before  any  explanation  can  with  propriety 
be  offered.  It  is  not  improbable,  however,  that  part  of  the  volatile  alkali  may  be 
decompofed  in  thefe  repeated  fublimations ; the  confequence  of  which  would  be,., 
that  the  remaining  fait  would  poffefs  a redundancy  of  acid. 

Sal  ammoniac  fuffers  no  change  by  long  expofure  to  the  air.  It  is  very  foluble  in 
water,  fix  parts  of  that  fluid  being  fufficient,  at  a common  temperature,  to  diffolve 
one  of  the  fait.  Tnis  folution  produces  a very  confiderable  depreffion  of  tempera- 
ture : an  effeft  which  always  takes  place  on  the  fpeedy  folution  of  faline  cryftals,. 
and  appears  to  depend  on  the.  tranfition  of  their  water  of  cryftallization  from  a folid 

* Lemaire  and  Granger,  quoted  by  Macquer  in.  Ills  Elements  of  Chemiftry,  II.  391. 
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to  a fluid  ftate.  See  Heat.  Boiling  water  diffolves  nearly  its  own  weight  offal 
ammoniac,  and  depoflts  cryftals  by  cooling ; though  the  moft  regular  cryftals  of 
this,  as  well  as  other  falts,  are  obtained  by  fpontaneous  evaporation. 

' Sal  ammoniac  is  not  decompofed  by  clay,  and  difficultly  by  magnefia ; lime, 
ponderous  earth,  and  the  fixed  alkalis,  decompofe  it,  as  well  in  the  humid  as  in  the 
dry  way,  by  combining  with  its  acid.  The  vitriolic  and  nitrous  acids  feize  its  alkali. 
It  detonates  with  nitre,  no  doubt  by  the  decompofitions  of  the  volatile  alkali  and  ni- 
trous acid.  Hence  it  fhould  appear,  that  the  refidue  will  confift  of  common  fait, 
and  the  volatile  produd  will  be  chiefly  phlogifticated  air.  But  thefe  fads  require 
to  be  more  particularly  examined. 

Sal  ammoniac  is  made  ufe  of  in  medicine,  and  is  extenfively  ufeful  in  various  bu- 
finefies ; fuch  as  dyers,  glafs  makers,  and  more  particularly  thofe  who  work  in 
metals,  for  foldering,  or  caufing  one  metal  to  adhere  to  the  furface  of  another.  See 
Soldering;  Tinning. 

AMMONITES.  This  petrifadion,  which  has  likewife  been  diftinguilhed  by  the 
name  of  cornu  ammonis,  and  is  called  the  fnake  ftone  by  the  vulgar,  confifts  chiefly 
of  lime-ftone,  or  mild  calcareous  earth.  They  are  found  of  all  fizes,  from  the  breadth 
of  half  an  inch  to  more  than  two  feet  in  diameter  ; fome  of  them  rounded,  others 
greatly  comprefled,  and  lodged  in  different  ftrata  of  Hones  and  clays.  They  appear  to 
owe  their  origin  to  fhells  of  the  nautilus  kind. 

AMO  MUM.  See  Pimento. 

AMPELYTES.  A folid,  dry,  hard,  opake,  black,  foffil  coal,  not  fufible,  but 
eafily  inflammable,  and  burning  with  a bright  vivid  white  flame,  with  much  fmoke, 
and  a bituminous  or  pitchy  ftnell.  In  the  north  of  England  it  is  called  cannel  coal, 
perhaps  by  corruption,  inftead  of  candle  coal,  as  it  is  ufed  to  fupply  the  place  of 
candles  in  poor  families.  An  alum  ore  found  in  Burgundy,  and  confifting  of  clay, 
pyrites,  and  bitumen,  is  alfo  diftinguifhed  by  this  name. 

AMYGDALOIDES,  or  Mandel-stein.  A ftone  of  the  filiceous  genus, 
which  confifts  of  a martial  jafper,  in  which  elliptical  kernels  of  calcareous  fpar  and 
ferpentine  ftone  are  included. 

ANALYSIS.  The  chemical  analyfis  confifts  of  a great  variety  of  operations 
performed  for  the  purpofe  of  feparating  component  parts  of  bodies.  In  thefe  ope- 
rations, the  moft  extenfive  knowledge  of  fuch  properties  of  bodies  as  are  already  dif- 
covered  muft  be  applied,  in  order  to  produce  fimplicity  of  effed  and  certainty  in 
the  refults.  The  chemical  analyfis  can  hardly  be  made  with  fuccefs  by  one  who  is 
not  in  pofleflion  of  a confiderable  number  of  fimple  fubftances  in  a ftate  of  great 
purity,  many  of  which,  from  their  effeds,  are  called  re-agents.  The  word  analyfis  is 
applied  by  chemifts  to  denote  that  feries  of  operations  by  which  the  component  parts 
of  bodies  are  determined,  whether  they  be  merely  feparated,  or  exhibited  apart  from 
each  other  ; or  whether  thefe  diftindive  properties  are  exhibited,  by  caufing  them 
to  enter  into  new  combinations,  without  the  perceptible  intervention  of  a feparate 
ftate.  The  forming  of  new  combinations  is  called  fynthefis  ; and,  in  the  chemical 
examination  of  bodies,  analyfis  or  feparation  can  fcarcely  ever  be  effeded  without 
fynthefis  taking  place  at  the  fame  time. 

As  moft  of  the  improvements  in  the  fcience  of  chemiftry  confift  in  bringing  the 
art  of  analyfis  nearer  to  perfedion,  it  is  not  eafy  to  give  any  other  rule  to  the  learner, 
than  the  general  one  of  confulting  and  remarking  the  procefles  of  the  belt  chemifts, 
fuch  as  Scheele,  Bergman,  Berthollet,  Kirwan,  and  others.  The  bodies  which  pre- 
fent  themfelves  more  frequently  for  examination  than  others,  are  minerals  and  mi- 
neral waters.  In  the  examination  of  the  former,  it  was  the  habit  of  the  earlier  che- 
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mills  to  avail  themfelves  of  the  aftion  of  fire,  with  very  few  humid  proceffes,  which  are 
fuch  as  might  be  performed  in  the  ufual  temperature  of  the  atmofphere.  Modern 
chemifts  have  improved  the  procefs  by  fire,  by  a very  extend  ve  ufe  of  the  blow- 
pipe (Jee  Blow-pipe)  ; and  have  fucceeded  in  determining  the  component  parts 
of  minerals  to  great  accuracy  in  the  humid  way.  For  the  method  of  analyfing  mi- 
neral waters, yh?  Waters,  mineral  ; and  for  the  analyfis  of  metallic  ores,  fee  the 
refpe&ive  metals. 

Several  authors  have  written  on  the  examination  of  earths  and  Hones:  the  fol- 
lowing is  the  method  of  Mr.  Kirwan. 

When  earths,  or  pulverulent  mineral  fubftances,  are  well  dried,  and  feparated  from 
every  vifible  heterogeneous  fubftance,  a portion  of  them  fhould  be  weighed,  and 
diftilled  in  a glafs  retort  until  the  bottom  begins  to  grow  red  hot.  In  fome  cafes  it 
may  be  proper  to  receive  the  air  that  arifes  in  a pneumatic  apparatus ; and  in  all 
it  will  be  proper  to  examine  what  diftils  over  or  fublimes,  whether  it  be  acid  or 
alkaline,  with  paper  tinged  blue  by  litmus,  and  part  of  its  furface  reddened  by  dif- 
tilled vinegar.  If  the  blue  be  reddened,  an  acid  exifts  in  the  diftilled  liquid  ; if  the 
red  be  effaced,  and  the  blue  reftored,  a volatile  alkali  is  the  caufe  of  it ; if  the  liquor 
precipitates  lime-water,  but  does  not  precipitate  a folution  of  nitrous  felenite,  or  the 
fait  formed  by  lime  and  nitrous  acid,  then  it  contains  fixed  air ; if  it  precipitates 
alfo  nitrous  felenite,  it  contains  the  vitriolic  acid  ; if  it  contains  the  marine  acid,  it 
will  not  precipitate  nitrous  felenite,  but  it  will  the  nitrous  folution  of  filver.  The 
lofs  of  weight  of  the  refiduum  in  the  retort,  and  the  weight  of  water  in  the  receiver, 
will  fhew  the  proportion  of  the  volatile  ingredients. 

Another  portion  of  the  earth  to  be  examined  fhould  be  digefted  in  about  fix  or 
eight  times  its  weight  of  pure  water,  and  the  properties  of  that  water  examined  to 
find  whether  the  earth  contains  neutral  falts.  See  Waters,  mineral. 

The  firft  ftep  in  the  examination  of  confiftent  earths  or  ftones  is  fomewhat  diffe- 
rent from  that  of  fuch  as  are  pulverulent.  Their  fpecific  gravity  fhould  firft  be  exa- 
mined ; alfo  their  hardnefs,  whether  they  will  ftrike  fire  with  fteel,  or  can  be 
fcratched  by  the  nail,  or  only  by  cryftal,  or  ftones  of  ftill  greater  hardnefs  ; alfo  their 
texture,  pervioufnefs  to  light,  and  whether  they  be  manifeftly  homogeneous  or  com- 
pound fpecies,  See. 

2d.  In  fome  cafes,  one  fhould  try  whether  they  imbibe  water,  or  whether  water 
can  extra#  any  thing  from  them  by  ebullition  or  digeftion. 

3d.  Whether  they  are  foluble  in,  or  effervefee  with,  acids,  before  or  after  pulveri- 
zation ; or  whether  decompofable  by  boiling  in  oil  of  tartar,  &c.  as  gypfums  and 
ponderous  fpars  are. 

4th.  Whether  they  detonate  with  nitre. 

5th.  Whether  they  yield  the  fparry  acid  by  diftillation  with  oil  of  vitriol,  or  a vo- 
latile alkali  by  diftilling  them  with  fait  of  tartar. 

6th.  Whether  they  are  fufible  per  fe  with  a blow-pipe,  and  how  they  are  affeefted 
by  mineral  alkali,  borax,  and  microcofmic  fait ; and  whether  they  decrepitate  when 
gradually  heated. 

7th  Stones  that  melt  per  fe  with  the  blow-pipe  are  certainly  compound,  and 
contain  at  leaft  three  fpecies  of  earth,  of  which  the  calcareous  is  probably  one  ; and  if 
they  give  fire  with  fteel,  the  filiceous  is  probably  another. 

The  beft  general  folvent  for  ftones  or  earths  appears  to  be  aqua  regia,  compofed 
of  two  parts  nitrous  and  one  of  marine  acid  : if  the  ftone  or  earth  effervefees  ftrongly 
with  acids,  no  other  preparation  is  requifite  than  a feparation  of  fuch  parts  as  are 
vifibly  heterogeneous,  and  pulverization  ; the  folution  is  then  eafily  performed  in  a 
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■di  gelling  heat,  if  requifite.  The  undiffolved  refiduum,  if  purely  filiceous,  will 
melt  into  a tranfparent  glafs  with  about  4 its  weight  of  mineral  alkali ; if  not,  it  is 
ftill  compounded,  and  its  foluble  parts  will  yield  to  a reiterated  digeftion. 

If  the  (tone  does  not  effervefce,  or  eafily  diffolve  in  acids  after  pulverization  and 
digeftion,  but  leaves  an  infoluble  refiduum  evidently  compound,  or  but  flightly  al- 
tered, ic  will  require  to  be  pulverized,  and  mixed  with  twice  or  thrice  its  weight  of 
mineral  alkali,  and  to  be  expofed  to  a low  red  heat  for  one  or  two  hours.  Mica 
was  found  to  require  a mixture  of  4 times  its  weight  of  mineral  alkali ; after  which 
it  is  to  be  feparated  from  the  alkali  by  lixiviation  and  filtration,  wafhing  it  with 
diftilled  water  until  the  water  is  abfolutely  taftelefs,  and  precipitates  no  metallic 
folution. 

The  powdered  ftone,  thus  edulcorated,  is  to  be  dried  by  heating  it  to  rednefs, 
and  then  weighed,  and  100  grains  taken  for  fubfequent  experiments  : it  were  better 
if  ftill  more  were  ufed,  but  the  analyfis  would  be  more  expenfive. 

The  powder  is  next  to  be  digefted  in  8 or  10  times  its  weight  of  aqua  regia,  in  a 
boiling  heat,  in  a retort  to  which  a receiver  is  luted,  and  the  digeftion  reiterated  as 
long  as  any  thing  appears  to  be  diffolved  by  frefh  portions  of  the  acid.  Mica  was 
found  to  require  50  times  its  weight  of  aqua  regia  before  it  was  entirely  decompofed, 
as  the  acid  is  fo  volatile  as  very  foon  to  diftil  over.  Oil  of  vitriol  has  the  advantage 
of  bearing  a greater  heat,  diffolving  ponderous  fpar,  and  ofadting  more  powerfully 
on  clay  than  aqua  regia;  but  a large  retort  muft  be  ufed,  for  often  towards  the  end 
it  puffs  and  throws  up  the  earth  or  ftone,  and  carries  it  into  the  receiver  ; befides, 
it  does  not  fufficiently  adton  calces  of  iron,  ifthefe  be  much  dephlogifticated.  Spi- 
rit of  nitre  affedts  them  ftill  lefs  : hence  Mr.  Kirvvan  often  ufes  oil  of  vitriol  firft, 
then  what  has  been  diffolved  he  precipitates  by  a mild  alkali,  and  re-dilfolves  the 
precipitate  in  aqua  regia.  A perfedt  folution  being  thus  effedted,  the  refiduum  is  to 
be  well  waflied,  and  the  wafhings  added  to  the  folution  : the  refiduum,  well. dried 
and  weighed,  gives  the  weight  of  filiceous  earth  in  the  compound. 

The  folution  is  next  to  be  examined ; which  we  will  fuppofe  to  contain  the  four 
foluble  earths,  calcareous,  ponderous,  magnefian,  and  argillaceous,  and  alfo  a calx 
of  iron.  It  always  contains  an  excefs  of  acid,  of  which  it  is  in  great  meafure  de- 
prived by  boiling  for  a confiderable  time,  as  both  acids  are  very  volatile,  and  indeed 
of  the  marine  none  remains  but  what  is  combined  with  the  calx  of  iron,  as  the  nitrous 
chafes  it  from  the  earths.  By  getting  rid  of  this  excefs  of  acid,  lefs  alkali  will  be 
required  for  the  fucceeding  precipitation,  and  lefs  aerial  acid  fet  loofe  which  would 
retain  much  of  the  precipitate  by  re-diffolvirig  it  : the  folution  fhould  then  be  eva- 
porated to  about  half  a pint. 

The  folution  being  thus  prepared,  it  is  ufual  to  precipitate  the  calx  of  iron  from 
it  by  the  Pruffian  alkali;  but  to  this  method  Mr.  Kirwan  has  two  objections : 
ift.  that  the  ponderous  earth,  if  any,  would  alfo  be  precipitated  and  confounded  in 
the  Pruffian  blue ; and  2d.  that  this  precipitation,  befides  being  exceeding  flow, 
foldom  fails  of  leaving  fome  iron  ftill  in  the  folution,  as  the  excefs  of  the  Pruffian 
alkali,  which  muft  neceffarily  be  added  to  be  certain  that  all  the  iron  is  precipitated, 
never  fails  to  re- diffolve  a portion  of  the  Prullian  blue  which  thus  remains  in  the 
liquor  and  cannot  be  got  rid  of.  Hence  the  method  he  ufes  is  as  follows : Firft,  he  pre- 
pares the  Pruffian  alkali  after  the  manner  of  Mr.  Bergman,  by  digefting  and  boiling 
a pure  alkaline  folution  over  Pruffian  blue,  until  the  alkali  no  longer  effervefces  with 
acids,  nor  precipitates  a folution  of  nitrous  felenite,  or  any  other  earth,  except  the 
barytes  : he  even  makes  it  a little  ftronger ; for  if  it  be  barely  faturated  with  the 
iinging  matter,  it  foon  fpoils  and  precipitates  other  earths;  the  tinging  matter  eva- 
porating. 
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porating,  he  next  examines  how  much  of  this  alkali  is  neceffary  to  precipitate  one 
grain  of  iron  from  its  folution  in  dilute  vitriolic  or  marine  acid,  and  marks  this  on 
the  label  of  the  bottle  that  contains  the  alkali.  Next  follows  the  application. 

The  folution  of  the  earths  being  weighed,  take  ioo  grains  of  it,  and  on  thefe  gra- 
dually pour  the  Pruflian  alkali  (a  portion  of  which  is  alfo  previoufiy  weighed),  until 
all  the  iron,  or  ponderous  earth  and  iron,  is  precipitated;  the  weight  of  the  alkali 
ufed  gives  that  of  the  iron  contained  in  ioo  grains  of  the  folution,  and  the  quan- 
tity contained  in  ioo  grains  of  the  folution  gives  that  contained  in  the  whole  folution, 
by  the  rule  of  proportion,  from  which  the  ponderous  earth,  if  any  be  found  in  fubfe- 
quent  experiments,  is  to  be  dedufted. 

The  quantity  of  iron  being  thus  found,  the  remainder  of  the  folution  is  to  be  pre- 
cipitated by  aerated  or  mild  mineral  alkali,  and  then  boiled  for  half  an  hour,  to  ex- 
pel as  much  as  poflible  of  the  fixed  air ; by  this  means  the  whole  of  its  contents  are 
precipitated,  and  nothing  remains  in  folution  but  cubic  nitre  and  a little  common 
fait : when  the  precipitate  has  fettled,  after  one  or  two  days  reft,  the  liquor  is  to  be 
poured  off,  and  the  laft  portions  taken  up  with  a glafs  fyringe.  Diftilled  water  is 
then  to  be  added  to  the  precipitate,  and  boiled  over  it,  and  afterwards  poured  oft’, 
and  taken  up  until  it  comes  off  taftelefs. 

The  precipitate  being  fufficiently  dried,  is  to  be  re-diffolved  in  nitrous  acid  twice, 
and  evaporated  to  drynefs;  then  calcined  for  one  hour  in  a white  heat ; and,  laftly, 
treated  with  about  fix  or  eight  times  its  weight  of  diftilled  vinegar,  in  a heat  of 
about  60  degrees,  for  one  or  two  hours  : by  this  means  the  ponderous,  calcareous,  and. 
magnefian  earths  will  be  extracted  and  feparated  from  the  clay  and  calx  of  iron, 
which  will  remain  undilfolved. 

Of  this  acetous  folution  ioo  grains  flhould  be  taken  and  examined  with  the 
Pruflian  alkali:  if  any  part  be  precipitated  it  is  ponderous  earth,  and  by  heating  this 
to  rednefs  its  weight  may  be  known;  or  ftill  better,  by  a previous  experiment  de- 
termining the  quantity  requifite  to  precipitate  one  grain  of  acetous  barofelenite,  and, 
by  the  rule  of  proportion,  the  quantity  of  it  in  the  whole  folution  may  be  found. 

The  remainder  of  the  acetous  folution  is  to  be  evaporated  to  drynefs,  and  heated 
white  in  a clean  polilhed  iron  crucible  for  two  hours,  then  weighed  and  thrown  into 
hot  diftilled  water  : the  calcareous  earth  (if  any)  will  be  diffolved  in  a fufficient  quan- 
tity of  this  water,  of  which  an  ounce  can  fcarcely  diffolve  one  grain,  fo  that  frequent 
affufions  of  hot  water  may  be  requifite;  the  magnefia  will  remain  undiffolved,  and 
is  to  be  dried  and  weighed  ; its  weight  gives  that  of  the  pure  calcareous  earth,  from 
which  that  of  the  ponderous  (if  any)  is  to  be  dedu&ed  : the  lime-water  may 
alfo  be  precipitated  by  an  aerated  alkali. 

Laftly,  the  clay,  and  calx  of  iron,  which  remained  undiffolved  by  the  acetous  acid, 
are  to  be  heated  ilightly,  to  prevent  their  cohering,  and  reiteratedly  boiled  in  dephlo- 
gifticated  nitrous  acid  to  drynefs,  and  finally  diffolved  in  that  acid,  which  will  then 
take  up  only  the  clay,  which  may  be  precipitated,  dried,  and  weighed ; though  in- 
deed this  troublefome  operation  may  be  unneceffary,  as  the  weight  of  the  martial  part 
being  known  by  the  experiment  with  the  Pruflian  alkali,  that  of  the  clay  is  known 
of  courfe  when  only  the  two  remain.  This  is  even  better,  as  the  calx  always  in- 
creafes  in  weight  by  thefe  operations. 

Befides  this  general  method,  fome  others  may  beufed  in  particular  cafes. 

Thus,  to  difcover  a fmall  proportion  of  argillaceous  earth  or  magnefia  in  a folu- 
tion of  a large  quantity  of  calcareous  earth,  cauftic  volatile  alkali  may  be  applied, 
which  will  precipitate  the  clay  or  magnefia  (if  any  be),  but  not  the  calcareous  earth. 
Diftilled  vinegar  applied  to  the  precipitate  will  difcover  whether  it  be  clay  or 
magnefia. 
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2'dly.  A minute  portion  of  calcareous  or  ponderous  earth,  inafolution  of  argillaceous 
garth  or  magnefia,  may  be  difcovered  by  the.vitriolic  acid  which  precipitates  the 
calcareous  and  ponderous  : the  folution  (hould  be  dilute,  elfe  the  clay  alfo  would 
be  precipitated.  If  there  be  not  an  excels  of  acid,  the  faccharine  acid  is  Hill  a nicer 
teft  of  calcareous  earth:  ioo  grains  of  gypfum  contain  about  32  of  calcareous 
earth;  100  grains  of  barofelenite  contain  84  of  ponderous  earth;  100  grains  of 
faccharine  felenite  contain  45  of  calcareous  earth.  The  infolubility  of  barofelenite  in 
500  times  its  weight  of  boiling  water  fufficiently  diftinguilhes  it.  From  thefe  data 
the  quantities  are  eafily  inveftigated. 

3clly.  A minute  proportion  of  argillaceous  earth  in  a large  quantity  of  magneiia 
may  be  difcovered  either  by  precipitating  the  whole,  and  treating  it  with  diftilled 
vinegar,  or  by  heating  the  folution  nearly  to  ebullition,  and  adding  more  aerated 
magnefia  until  the  folution  is  perfedtly  neutral,  which  it  never  is  when  clay  is  con- 
tained in- it,  as  this  requires  an  excefs  of  acid  to  keep  it  in  folution.  By  this  means 
the  clay  is  precipitated  in  the  ftate  of  embryon  alum,  which  contains  about  half  its 
weight  of  clay  (or  for  greater  exa&nefs  it  may  be  decompofed  by  boiling  it  in  vo- 
latile alkali).  After  the  precipitation  the  folution  fhould  be  largely  diluted,  as  the 
Epfom  fait,  which  remained  in  folution  while  hot,  would  precipitate  when  cold,  and 
mix  with  the  embryon  alum. 

4thly.  A minuteportion  of  magnefia  in  a large  quantity  of  argillaceous  earth  is  bed 
feparated  by  precipitating  the  whole,  and  treating  the  precipitate  with  diftilled 
vinegar. 

Laftly,  Calcareous  earth  and  barytes,  or  ponderous  earth,  are  feparated  either  by 
precipitating  the  barytes  by  the  Pruffian  alkali,  or  the  calcareous  by  a cauftic  fixed 
alkali,  or  by  precipitating  both  with  the  vitriolic  acid,  and  evaporating  the  folution 
to  a fmall  compafs,  pouring  off  the  liquor,  and  treating  the  dried  precipitate  with 
500  times  its  weight  of  boiling  water  ; what  remains  undiffolved  is  barofelenite,  or 
ponderous  fpar. 

ANGELICA.  The  roots  have  a pungent  agreeable  bitterifh  tafte,  and  a ftrong 
aromatic  fmell,  fomewhat  of  the  mufky  kind.  Their  activity  refides  in  an  eflential 
oil  and  a refinous  matter.  The  oil  is  obtained  by  diftillation  with  water.  The  oil 
and  the  refin  are  totally  extracted  by  digeftion  in  ardent  fpirit ; and  water  by  the 
like  treatment  extradls  them,  though  in  part  only. 

Thefe  roots,  like  thofeof  mod  of  the  umbelliferous  plants,  are  very  apt  to  be  preyed 
upon  by  worms,  to  become  carious,  and  fall  into  powder.  So  long  as  they  are 
merely  worm-eaten,  and  not  powdery,  they  are  as  fit  for  making  the  eflential  oil,  or 
the  tinctures  in  ardent  fpirit  or  water,  as  in  their  mod  perfect  ftate ; the  infedts 
preying  firft  upon  the  mucilaginous  and  infipid  parts,  and  not  upon  the  refinous  and 
oily  parts.  When  fuch  roots  are  made  ufe  of,  care  mud  be  taken  to  beat  out  the 
worms  and  duft  as  much  as  poflible.  To  preferve  the  roots  of  Angelica,  they  mud 
be  thoroughly  dried,  and  kept  in  clofe  veflels  or  packages  in  a dry  place. 

ANIL,  or  Nil.  This  plant,  from  the  leaves  of  which  indigo  is  prepared,  grows 
in  America.  It  has  feveral  flender  knotty  ftalks  which  fpread  into  fmall  branches, 
clothed  each  with  from  four  to  ten  pair  of  leaves,  and  an  odd  one  at  the  end.  The 
leaf  is  fmall,  flefhy,  and  foft,  of  a greenifh  brown  colour  on  the  upper  fide,  pale  and  as 
it  were  filvery-coloured  beneath.  The  plant  rifes  to  the  height  of  about  two  feet, 
and  produces  reddifh  flowers,  in  fhape  refembling  thofe  of  broom,  but  fmaller,  fol- 
lowed by  oblong  pods  containing  the  feeds. 

The  culture. of  this  plant  is  as  follows  *:  The  ground  being  thoroughly  cleared 

* Labat,  quoted  by  Lewis  on  Neumann,  II.  237. 
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of  weeds,  which  is  a principal  objedl,  a number  of  Haves,  ranged  in  a line,  march 
acrofs,  making  little  trenches  of  the  width  of  their  hoes,  and  two  or  three  inches 
deep,  about  a foot  didant  from  each  other  every  way.  Then  returning,  they  drop 
fome  feeds  in  each  trench,  and  afterwards  cover  them  with  the  earth  taken  out.  In 
moid  weather  the  plant  comes  up  in  two  or  three  days ; and  in  about  two  months 
it  is  fit  for  cutting.  If  fuffered  to  Hand  till  it  runs  into  flower,  the  leaves  become 
too  dry  and  too  hard,  and  the  indigo  obtained  from  them  proves  lefs  in  quantity 
and  lefs  beautiful.  The  due  point  of  maturity  is  known  by  the  leaves  beginning  to 
grow  lefs  fupple  or  more  brittle.  In  a rainy  feafon  the  cutting  may  be  repeated 
every  fix  weeks.  Cutting  in  dry  weather  kills  the  plant,  which,  if  that  is  avoided, 
continues  to  afford  frefli  crops  for  two  years.  For  the  preparation  of  Indigo,  fee 
that  article. 

ANIMAL  KINGDOM.  The  various  bodies  around  us,  which  form  the  ob- 
jects of  chemical  refearch,  have  all  undergone  a number  of  combinations  and  decom- 
pofitions  before  we  take  them  in  hand  for  examination.  Thefe  are  all  confequences 
of  the  fame  attractions  or  fpecific  properties  that  we  avail  ourfelves  of,  and  are  mo- 
dified likewife  by  virtue  of  the  fituations  and  temperatures  of  the  bodies  prefented 
to  each  other.  In  the  great  mafs  of  unorganized  matter,  the  combinations  appear 
to  be  much  more  fimple  than  fuch  as  take  place  in  the  vefl'els  of  organized  beings, 
namely  plants  and  animals  : in  the  former  of  which  there  is  at  lead  a peculiar  ftruc- 
ture  of  tubes  conveying  various  fluids ; and  in  the  latter  there  is  not  only  a molt  elabo' 
rate  fyftem  of  vefl'els,  but  likewife  for  the  mod  part  an  augmentation  of  tempera- 
ture. From  fuch  caufes  as  thefe  it  is  that  fome  of  the  fubdances  afforded  by  ani- 
mal bodies  are  never  found  either  in  vegetables  or  minerals ; and  fo  likewife  in  ve- 
getables are  found  certain  products  never  unequivocally  met  with  among  minerals. 
Hence,  among  the  fydematical  arrangements  ufed  by  chemids,  the  mod  general  is 
that  which  divides  bodies  into  three  kingdoms,  the  animal,  the  vegetable,  and  the 
mineral. 

Animdl  as  well  as  vegetable  bodies  may  be  confidered  as  peculiar  apparatus  for 
carrying  on  a determinate  feries  of  chemical  operations.  Vegetables  feem  capable  of 
operating  with  fluids  only,  and  at  the  temperature  of  the  atmofphere,  as  we  have 
jufl  noticed.  But  mod  animals  have  a provifion  for  mechanically  dividing  folids  by 
madication,  which  anfwers  the  fame  purpofe  as  grinding,  pounding,  or  Jevigation 
does  in  our  experiments ; that  is  to  fay,  it  enlarges  the  quantity  of  furface  to  be 
aided  upon  by  folvents.  The  procefs  carried  on  in  the  domach  appears  to  be  of 
the  fame  kind  as  that  which  we  didinguifli  by  the  name  of  digedion;  and  thebowels, 
whatever  other  ufes  they  may  ferve,  evidently  form  an  apparatus  for  filtering  or 
conveying  off  the  fluids;  while  the  more  folid  parts  of  the  aliments,  which  are  pro- 
bably of  fuch  a nature  as  not  to  be  rendered  fluid,  but  by  an  alteration  which  would 
perhaps  dedroy  the  texture  of  the  machine  itfelf,  are  rejected  as  ufelefs.  When  this 
filtered  fluid  paffes  into  the  circulatory  vefl'els,  through  which  it  is  driven  with  con- 
fiderable  velocity  by  the  mechanical  aCtion  of  the  heart,  it  is  fubje&ed  not  only  to  all 
thofe  changes  which  the  chemical  action  of  its  parts  is  capable  of  producing,  but  is 
likewife  expofed  to  the  air  of  the  atmofphere  in  the  lungs,  into  which*  that  eladic  fluid 
is  admitted  by  the  a.£t  of  refpiration.  Here  it  undergoes  a change  of  the  fame  nature 
as  happens  to  other  combudible  bodies  when  they  combine  with  its  vital  part.  This 
vital  part  becomes  condenfed,  and  combines  with  fome  principle  emitted  from  the 
blood  ; at  the  fame  time  that  it  gives  out  a large  quantity  of  heat,  in  confequence  of 
its  own  capacity  for  heat  being  diminifhed.  It  has  not  been  afcertained  whether  the 
fubdance  which  converts  the  inl'pircd  vital  air  into  fixed  air  (of  which  a portion  is  ex- 
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pired  from  the  lungs  together  with  the  noxious  or  phlogifticated-air)  be  inflammable 
air  or  charcoal ; and  it  has  likewife  been  doubted  whether  any  part  of  the  vital  air 
is  abforbed  by  the  blood.  Later  experiments  of  Dr.  Prieftley  (hew  however  that 
this  laft  event  does  adually  take  place*. 

It  would  lead  us  too  far  from  our  purpofe,  if  we  were  to  attempt  an  explanation  of 
the  little  we  know  refpeding  the  manner  in  which  the  fecretions  or  combinations 
that  produce  the  various  animal  and  vegetable  fubftances  are  effected,  or  the  ufes 
of  thofe  fubftances  in  the  economy  of  plants  and  animals.  Moft  of  them  are  very 
different  from  any  of  the  produds  of  the  mineral  kingdom.  We  fliall  therefore  only 
add,  that  thefe  organized  beings  are  fo  contrived,  that  their  exiftence  continues,  and 
all  their  functions  are  performed,  as  long  as  the  veflels  are  fupplied  with  food  or  mate- 
rials to  occupy  the  place  of  fuch  as  are  carried  off  by  evaporation  from  the  furface,  or 
otherwife,  and  as  long  as  no  great  change  is  made,  either  by  violence  or  difeafe, 
in  thofe  veflels  or  the  fluids  they  contain.  But  as  foon  as  the  entire  procefs  is  in- 
terrupted in  any  very  confiderable  degree,  the  chemical  arrangements  become  al- 
tered ; the  temperature  in  land  animals  is  changed,  the  minute  veflels  are  aded 
upon  and  deftroyed,  life  ceafes,  and  the  admirable  ftrudure,  being  no  longer  fuf- 
ficiently  perfed,  lofes  its  figure,  and  returns,  by  new  combinations  and  decompofi- 
tions,  to  the  general  mafs  of  unorganized  matter,  with  a rapidity  which  is  ufually 
greater,  the  more  elaborate  its  conftrudion. 

The  parts  of  vegetable  or  animal  fubftances  may  be  obtained,  for  chemical  exa- 
mination, either  by  Ample  preflure,  which  empties  the  veflels  of  their  contents ; by 
digeftion  in  water,  or  in  other  fluids,  which  diffolve  certain  parts,  and  often  change 
their  nature ; by  deftrudive  diflillation,  in  which  the  application  of  a ftrong  heat 
alters  the  combination  of  the  parts,  and  caufes  the  new  produds  to  pafs  over  into 
the  receiver  in  the  order  of  their  volatility  ; by  fpontaneous  decompofition  or  fer- 
mentation, wherein  the  component  parts  take  a new  arrangement,  and  form  com- 
pounds which  did  not  for  the  moft  part  exift  in  the  organized  fubftance  ; or,  laftly, 
the  judicious  chemift  will  avail  himfelf  of  all  thefe  feveral  methods  fingly,  or  in  com- 
bination. He  will,  according  to  circumftances,  feparate  the  parts  of  an  animal  or 
vegetable  fubftance  by  preflure,  afiifted  by  heat;  or  by  digeftion  or  boiling  in  va- 
rious fluids  added  in  the  retort  which  contains  the  fubftance  under  examination. 
He  will  attend  particularly  to  the  produds  which- pafs  over,  whether  they  be  per- 
manently elaftic,  or  fubjed  to  condenfation  in  the  temperatures  we  are  able  to  pro- 
duce. In  fome  cafes  he  will  fuffer  the  fpontaneous  decompofition  to  precede  the 
application  of  chemical  methods ; and  in  others  he  will  attentively  mark  the  changes 
which  the  produds  of  his  operations  undergo  in  the  courfe  of  time,  whether  in  clofed 
veflels,  or  expofed  to  the  open  air.  Thus  it  is  that,  in  furveying  the  ample  field  of 
nature,  the  philofophical  chemift  poflefies  numerous  means  of  making  difcoveries,  if 
applied  with  judgment  and  fagacity  ; though  the  progrefs  of  difcovery,  fo  far  from 
bringing  us  nearer  the  end  of  our  purfuit,  appears  continually  to  open  new  fcenes, 
and,  by  enlarging  our  powers  of  inveftigation,  never  fails  to  point  out  additional  ob- 
jeds  of  enquiry. 

Animal  and  vegetable  fubftances  approach  each  other  by  infenfible  gradations ; 
lo  that  there  is  no  Ample  produd  of  the  one  which  may  not  be  found  in  greater  or 
lefs  quantity  in  the  other.  The  moft  general  diftindive  charader  of  animal  fub- 
ftances is  that  of  affording  volatile  alkali  by  deftrudive  diftillation.  Some  plants 
i&owever  afford  it  likewife.  Neither  contain  it  ready  formed;  but  it  appears  to  be 
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produced  by  the  combination  of  phlogifticated  and  inflammable  air,  during  the 
changes  produced  either  by  fire,  or  by  the  putrefa&ive  procefs.  See  Alkali,  vo- 
latile ; and  Air,  phlogisticated. 

Few  of  the  products  of  the  animal  kingdom  have  been  fiibjecfted  to  chemical 
analyfis.  For  this  reafon  it  is  not  pra&icable  to  arrange  them  according  to  the 
nature  of  their  component  parts.  Animal  fubftances  may  therefore  be  conveniently 
divided  into,  i.  Such  as  are  ufually  obtained  without  deftroying  life.  Thefe  are 
milk,  eggs,  urine,  excrement,  the  matter  of  perfpiration,  ambergris,  &c.  wax, 
honey,  gum-lack,  filk,  hair,  horn,  feathers,  &c.  Or,  2.  Such  parts  of  animals  as  are 
obtained  by  deftroying  them,  or  depriving  them  of  life.  Thefe  are  blood  ; va- 
rious folids  confounded  under  the  name  of  flefh,  fat,  fpermaceti,  bile,  the  gaftric 
juice,  and  feveral  acids ; together  with  calcareous  earth,  and  other  fubftances  com- 
mon to  the  mineral  and  vegetable  kingdoms.  For  the  properties  of  which,  fee 
the  refpecftive  articles. 

When  animal  fubftances  are  left  expofed  to  the  air,  or  immerfed  in  water  of  other 
fluids,  they  fuffer  a fpontaneous  change,  which  is  more  or  lefs  rapid  according  to 
circumftances.  The  fpontaneous  change  of  organized  bodies  is  diftinguiflied  by  the 
name  of  fermentation.  In  vegetable  bodies  there  are  diftindt  ftages  or  periods  of 
this  procefs,  which  have  been  divided  into  the  vinous,  acetous,  and  putrefactive  fer- 
mentations. Animal  fubftances  are  fufceptible  only  of  the  latter,  during  which,  as  in 
all  other  fpontaneous  changes,  the  combinations  of  chemical  principles  become  in 
general  more  and  more  Ample.  There  is  no  doubt  but  much  inftrudtion  might  be 
obtained  from  accurate  obfervations  of  the  putrefactive  procefles  in  all  their  feveral 
varieties  and  fituations  ; but  the  loathfomenefs  and  danger  attending  on  fuch  enqui- 
ries has  hitherto  greatly  retarded  our  progrefs  in  this  department  of  chemical  fcience. 
See  Fermentation. 

ANIME,  improperly  called  gum  anime,  is  a refinous  fubftance  imported  from 
New  Spain  and  the  Brafils.  There  are  two  kinds,  diftinguifhed  by  the  names  of. 
oriental  and  occidental.  The  former  is  dry,  and  of  an  uncertain  colour,  fome  fpeci- 
mens  being  greenith,  fome  reddith,  and  fome  of  the  brown  colour  of  myrrh.  The 
latter  is  in  yellowifli,  white,  tranfparent,  fomewhat  undtuous  tears,  and  partly  in 
larger  mafles,  brittle,  of  a light  pleafant  tafte,  eafily  melting  in  the  fire,  and  burning 
with  an  agreeable  fmell.  Like  refins  it  is  totally  foluble  in  ardent  fpirit,  and  alfo  in 
oil.  Water  takes  up  about  of  the  weight  of  this  refin  by  decodtion.  The  fpirit 
drawn  off  by  diftillation  has  a confiderable  degree  of  the  tafte  and  flavour  of  the 
anime ; the  diftilled  water  difcovers  on  its  furface  fome  (mail  portion  of  eflential  1 
oil. 

This  refin  is  ufed  by  perfumers,  and  alfo  in  certain  plafters,  wherein  it  has  beea 
fuppofed  to  be  of  fervice  in  nervous  affections  of  the  head  and  other  parts;  but. 
there  are  no  reafons  to  think  that,  for  medical  purpofes,  it  differs  from . common 
refins. 

ANISEED  contains,  befides  its  eflential  odorous  oils,  a grofs  one  . of  the  ex  - 
preflible  kind.  The  eflential  oil,  and  the  fmell  and  tafte  of  the  . feeds  which  depend 
upon  it,  are  confined  to  the  outer  thin  fkin:  the  inner  kernel,  which  is  commonly 
divided  longitudinally  into  two  portions,  has  little  or  no  fmell,  and  exceeding 
little  tafte:  in  this  refides  the  grofs  oil,  naturally  inodorous  and  infipid,  but  which, 
neverthelefs,  in  its  feparation  from  the  feed  by  the  prefs,  brings  with  it  a part  of  the 
eflential  oil,  fo  as  to  become  ftrongly  impregnated  with  the  peculiar  flavour  of  the 
anifeed  ; its  colour  is  greenilh. 

The  eflential  oil,  though  mild  in  tafte,  has  an  extremely  ftrong  fmell,  which  it 
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communicates  to  whatever  it  touches  in  fuch  a degree  as  fcarcely  to  be  overpowered. 
It  coagulates  in  a temperature  much  warmer  than  is  neceffary  to  freeze  water.  The 
term  of  its  congelation,  which  feems  to  be  about  50  degrees  of  Fahrenheit’s  thermo- 
meter, but  is  not  very  eafy  to  be  determined  with  great  accuracy,  becaufe  it  is  a 
bad  conductor  of  heat,  was  propofed  by  Boyle,  in  the  infancy  of  the  thermometer,  to 
be  ufed  as  a fixed  point  in  the  graduation  of  that  inftrument.  This  oil,  like  other 
effential  oils,  is  ioluble  in  ardent  fpirit,  from  which  it  in  part  feparates  by  cooling. 
Neumann  obferves  that  it  diffolves  fulphur  in  greater  quantity  than- any  other  oil 
expreffed  or  diftilled.  Another  Angular  fad  is  noticed  by  the  fame  author,  viz. 
that  whereas  the  diftillation  of  effential  oil  from  other  vegetables  is  in  general  faci- 
litated by  the  addition  of  fait  to  the  water  which  is  added  to  the  vegetable  fubftance, 
fuch  an  addition  is  particularly  hurtful  in  this  procefs,  the  anifeed  yielding  only  half 
as  much  oil  as  it  does  when  diftilled  with  pure  water. 

AN  NEAL.  We  know  too  little  of  the  arrangement  of  particles  to  determine  what 
it  is  that  conftitutes  or  produces  brittlenefs  in  any  fubftance.  In  a confxderable number 
of  inftances  of  bodies  which  are  capable  of  undergoing  ignition,  it  is  found  that  hid- 
den cooling  renders  them  hard  and  brittle.  This  is  a real  inconvenience  inglafs,  and 
alfo  infteel,  when  this  metallic  fubftance  is  required  to  be  foft  and  flexible.  The  in- 
conveniences are  avoided  by  cooling  them  very  gradually,  and  this  procefs  is  called 
annealing.  Glafs  veffels,  or  other  articles,  are  carried  into  an  oven  or  apartment  over 
the  great  furnace,  where  they  are  permitted  to  cool  in  a greater  orlefs  time  according 
to  their  thicknefs  and  bulk.  The  annealing  of  fteel,  or  other  metallic  bodies,  confifts 
limply  in  heating  them,  and  fuffering  them  to  cool  again  either  upon  the  hearth  of 
the  furnace,  or  in  any  other  fituation  where  the  heat  is  moderate,  or  at  leaft  the  tem- 
perature is  not  very  cold. 

ANN  OTTO.  The  pellicles  of  the  feeds  of  a certain  American  tree  afford  the 
red  maffes  brought  into  Europe  under  the  name  of  Annotto,  Orlean,  and  Roucou. 
The  red  feeds,  cleared  from  the  pods,  are  fteeped  in  water  for  feven  or  eight  days,  or 
longer,  till  the  liquors  begin  to  ferment ; then  ftrongly  ftirred,  and  ftamped  with 
wooden  paddles  and  beaters,  to  promote  the  feparation  of  the  red  fkins : this  procefs 
is  repeated  feveral  times  till  the  feeds  are  left  white.  The  liquor  paffed  through  clofe 
cane  fieves  is  pretty  thick,  of  a deep  red  colour,  and  very  ill  fmell : in  boiling  it 
throws  up  its  colouring  matter  to  the  furface  in  form  of  fcum,  which  is  afterwards' 
boiled  down  by  itfelf  to  a due  confiftence,  and  made  up  while  foft  into  balls. 

The  annotto  commonly  met  with  among  us  is  moderately  hard,  of  a brown 
colour  on  the  outfide,  and  a dull  red  within.  It  is  difficultly  adled  upon  by  water, 
and  tinges  the  liquor  only  of  a pale  brownifh  yellow  colour.  In  redtified  fpirit  of 
wine  it  very  readily  diflolves,  and  communicates  a high  orange  or  yellowilh  red. 
Hence  it  is  ufed  as  an  ingredient  in  varnilhes,  for  giving  more  or  lefs  of  an  orange 
call  to  the  fimple  yellows.  Alkaline  fait  renders  it  perfe&ly  foluble  in  boiling  wa- 
ter, without  altering  its  colour  : wool  or  filk  boiled  in  the  folution  acquire  a deep 
but  not  very  durable  orange  dye.  Its  colour  is  not  changed  by  alum  or  by  acids, 
any  more  than  by  alkalis ; but  when  imbibed  in  cloth,  it  is  difcharged  by  fope,  and 
deftroyed  by  expofure  to  the  air. 

Labat  informs  us,  that  the  Indians  prepare  an  annotto  greatly  fuperior  to  that 
which  is  brought  to  us,  of  a bright  fliining  red  colour,  almoft  equal  to  carmine;  that 
for  this  purpofe,  inftead  of  fteeping  and  fermenting  the  feeds  in  water,  they  rub 
them  with  the  hands,  previoufly  dipped  in  oil,  till  the  pellicles  come  off  and  are  re- 
duced into  a clean  p’afte,  which  is  fcraped  off  from  the  hands  with  a knife,  and  laid 
on  a clean  leaf  in  the  fhadeto  dry.  De  Laet,  in  his  notes  on  Margrave’s  Natural 
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Hiftory  of  Brafil,  mentions  alfo  two  kinds  of  annotto ; one  of  a permanent  crimfon  co- 
lour (Coccineus),ufed  as  a fucus ; and  another,  which  gives  a colour  inclining  more  to 
that  of  faffron.  This  laft,  which  is  our  annotto,  he  fuppofes  to  be  a mixture  of  the 
firft  fort  with  certain  refinous  matters,  and  with  the  juice  of  the  roots  of  the  tree. — 
Ximenes  relates,  that  annotto  with  urine  ftains  linen  of  fuch  a permanent  colour 
that  is  never  to  be  wafhed  out.  Perhaps  the  firft;  fort  is  meant.  Our  annotto 
boiled  in  urine  imparted  to  linen  a deep  yellowifh  red  ; the  ftained  linen,  hung  out 
in  the  air  in  fummer,  in  feven  or  eight  days  loft  all  its  colour,  and  became  white 
again  *. 

ANTIMONY.  The  word  antimony  is  always  ufed  in  commerce  to  denotea  metal- 
lic ore,  confiding  of  fulphur  combined  with  the  femi-metal  which  is  ufually  called  re- 
gulus  of  antimony.  But  as  it  appears  proper  and  convenient  that  the  metallic  fub- 
ftance  itfelf  fliould  be  diftinguifhed  by  a fimple  term,  inftead  of  deriving  its  name 
from  one  of  its  ores,  many  chemical  writers  ufe  the  word  antimony  to  denote  the 
metallic  fubftance  or  regulus,  and  in  this  acceptation  it  is  ufed  in  the  prefent 
article. 

Antimony  is  of  a lilvery  white  colour,  very  brittle,  and  of  a plated  or  fcaly  tex- 
ture. Its  fpecific  gravity  is  moderate.  Soon  after  ignition  it  melts,  and  by  a con- 
tinuance of  the  heat  it  becomes  calcined,  and  rifes  in  white  fumes,  which  may  after- 
wards be  volatilized  a fecond  time,  or  fufed  into  a hyacintbine  glafs,  according  to  the 
management  of  the  heat : they  are  called  argentine  flowers  of  regulus  of  antimony. 
In  clofed  veffels,  the  regulus  rifes  totally  without  decompofition.  This  metallic  fub- 
ftance is  not  fubje.ft  to  ruft  by  expofure  to  air,  though  its  furface  becomes  tarnifhed  by 
that  means.  Its  calces  are  fokible  in  water  ; and  in  that  refpeft  they  referable  the 
calx  ofarfenic,  probably  by  an  approach  towards  the  acid  ftate. 

Vitriolic  acid,  boiled  upon  the  regulus  of  antimony,  calcines  the  greater  part,  fo  as 
to  render  it  infoluble,  the  acid  being  at  the  fame  time  decompofed.  Much  vitriolic  acid 
air  efcapes,  and  towards  the  end  a fmall  quantity  of  fulphur  is  fublimed.  By  wafh- 
ing  the  refidue  in  water,  a vitriolic  fait  of  antimony  is  feparated  from  the  calx,  which 
does  not  cryftallize^ 

Nitrous  acid  very  readily  attacks  antimony  in  the  cold.  Moft  part  of -the  metal 
is  calcined  by  this  aftion;  but  a portion  is  diflolved,  and  affords  deliquefcent  cryf- 
tals,  decompofable  by  heat.  The  calx  of  antimony  formed  by  this  acid  is  very 
white,  and  difficult  of  reduction. 

Continued  digeftion  is  required  for  the  folution  of  regulus  of  antimony  in  the  ma- 
rine acid.  A confiderable  quantity  is,  however,  at  length  diflolved,  which  affords 
very  deliquefcent  cryftals.  This  fait  melts  by  the  application  of  heat,  and  is  decom- 
pofed by  diftilled  water,  in  the  fame  manner  as  the  butter  of  antimony,  from  which 
it  does  not  much  differ. 

Dephlogifticated  or  aerated  marine  acid  diffolves  the  regulus  of  antimony  with 
great  facility. 

Aqua  regia,  compofed  of  feven  parts  nitrous  and  one  marine  acid,  diffolves  it  very 
readily,  but  lets  fall  a portion  of  white  calx  as  it  cools.  The  folvent  power  of  either 
of  the  three  ancient  mineral  acids  on  this  femi-metal  appears  to  be  increafed  by 
mixture  with  any  one  of  the  others. 

Earthy  fubftances  do  not  aft  on  the  regulus  of  antimony  in  the  dry  way.  Its  calx 
however  enters  readily  into  the  cotnpofition  of  glafs,  to  which  it  imparts  more  or 
lefs  of  an  hyacinthine  colour.  When  fufed  with  vitriolated  tartar  It  converts  it  partly 
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into  hepar  or  liver  of  fulphur,  which  diffolves  a portion  of  the  calx  of  antimony; 
that  is  to  fay,  the  vital  air  of  the  acid  calcines  the  regulus  of  antimony,  while  part  of 
the  acid  becomes  converted  into  fulphur,  either  fimply  by  the  lofs  of  its  vital  air, 
or  elfe  by  that  lofs,  together  with  the  acquisition  of  phlogifton  from  the  regulus. 

Nitre  detonates  very  readily  with  the  regulus  of  antimony  ; when  equal  parts  of 
thefe  fubftances  are  projected  into  a red  hot  crucible,  the  reiidue  of  calx  and  alkali 
is  known  by  the  name  of  diaphoretic  antimony.  When  the  faline  part  is  wafhed 
out  by  hot  water,  the  refidue  is  called  waflied  diaphoretic  antimony.  The  water 
ufed  in  the  wafning  contains  a portion  of  the  calx  fufpended  by  the  alkali.  This 
may  be  precipitated  by  the  addition  of  an  acid,  and  has  be  n diftinguifhed  by  the 
name  of  cerufe  of  antimony. 

When  regulus  of  antimony  is  pulverized,  and  accurately  mixed  with  about  twice 
its  weight  of  corrofive  fublimate,  a mutual  adtion  takes  place  with  the  produdtion  of 
heat;  and  if  the  mixture  be  diftilled  with  a gentle  fire,  a thick  fluid  comes  over, 
which  congeals  in  the  receiver,  or  in  the  neck  of  the  retort,  and  is  called  butter  of 
antimony.  The  refidue  confifls  of  revived  mercury,  and  fome  regulus  and  calx  of 
antimony.  In  this  experiment,  the  dephiogifticated  marine  acid  combines  with  the 
antimony,  while  the  mercury  is  revived,  as  may  be  eafily  explained  on  either  of  the 
two  theories  of  chemiflry.  If  the  combination  of  regulus  of  antimony  and  fulphur  be 
ufed  inftead  of  the  regulus  itfelf,  the  mercury  will  be. obtained  in  the  form  of  cinna- 
bar, at  a much  greater  heat  than  is  required  to  fublime  the  butter  of  anti- 
mony. 

When  butter  of  antimony  is  thrown  into  pure  water,  an  abundant  white  precipi- 
tate or  calx  falls  down,  which  is  a violent  emetic,  and  is  known  by  the  name  of  pow- 
der of  algaroth. 

Nitrous  acid  diffolves  the  butter  of  antimony.  The  folution,  which  does  not 
appear  to  differ  greatly  from  the  folution  of  the  regulus  in  aqua  regia,  foon  depofits 
a portion  of  calx.  When  an  equal  weight  of  nitrous  acid  has  been  three  times  dif- 
tilled to  drynefs  from  butter  of  antimony,  the  refidue,  after  ignition,  is  called  bezoar 
mineral,  and  feems  to  be  little  more  than  a calx  of  the  metal. 

Sulphur  combines  very  readily  with  the  regulus  of  antimony,  and  forms  a fub- 
ftance  differing  in  no  refpedt  from  the  mineral  or  ore  to  which  the  name  of  anti- 
mony is  exclufively  appropriated.  One  part  of  fulphur  completely  mineralizes 
four  of  the  regulus. 

Liver  of  fulphur  diffolves  the  regulus  of  antimony,  and  affords  an  orange- coloured 
precipitate  upon  the  addition  of  an  acid. 

Antimony,  or  the  regulus  combined  with  fulphur,  was  a favourite  objeff  of  re- 
fearch  in  the  experiments  of  the  alchemifls ; in  confequence  of  which  its  properties 
are  much  better  known  than  thofe  of  the  pure  regulus.  If  this  fubftance  be  heated, 
it  melts,  and  a confiderable  portion  of  the  fulphur  flies  off,  at  the  fame  time  that  the 
regulus  becomes  calcined,  and  rifes  in  white  vapours.  A gentler  heat,  lefs  than  is  ne- 
celfary  to  fufe  it,  converts  it  into  a grey  calx  ; this  calx  contains  a portion  of  ful- 
phur. If  it  be  urged  by  a ftronger  heat,  it  melts  into  the  form  of  glafs,  which  is 
more  or  lefs  tranfparent,  according  to  the  degree  of  calcination  of  the  metal  and 
the  diffxpation  of  the  fulphur.  When  it  contains  much  fulphur,  the  glafs  is  fufible, 
opake,  and  of  a dark  red  colour  ; whence  it  has  been  called  liver  of  antimony. 

When  acids  are  applied  to  crude  antimony,  they  diffolve  the  regulus,  and  leave 
the  fulphur.  The  nitrous  acid  is  beft  adapted  to  this  folution. 

Diaphoretic  antimony  is  moft  commonly  and  advantageoufly  prepared  by  detonat- 
ing the  crude  antimony  with  nitre  inftead  of  the  regulus ; the  only  difference  being, 
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that  more  nitre  is  required  for  the  detonation,  and  that  the  reftdue  contains  vitrio- 
lated  tartar  as  well  as  alkali  and  calx. 

There  are  feveral  preparations,  confiding  of  combinations  of  antimony  with  an 
alkali,  in  which  the  proportions  of  the  ingredients  and  the  date  of  the  calx  are  very 
different,  according  to  the  nature  and  management  of  the  proceffes.  Many  of  thefe 
have  been  highly  praifed  in  medicine,  at  the  fame  time  that  they  have  been  as 
drongly  exclaimed  againd  for  their  ill  effeds.  Both  thefe  affertions  appear  to  have 
been  well-founded..  It  is  diffidently  proved,  that  antimonial  medicines  have  pro- 
duced the  happied  effedts,  and  are  judly  entitled  to  be  confidered  as  very  powerful 
remedies;  but,  on  the  other  hand,  it  is  equally  certain  that  their  great  efficacy  mud 
have  required  greater  attention  in  their  fird  exhibition  than  perhaps  may  have  been 
paid  ; and  the  complicated  nature  of  many  of  the  proceffes  mud  have  rendered  it 
very  difficult  to  produce  fubdances  poffeffing  exadtly  the  fame  properties,  or  propor- 
tion of  component  parts,  at  all  times. 

If  antimony  be  treated  with  a fixed  alkali,  either  by  fufion  and  fubfequent  dilu- 
tion in  boiling  water,  or  by  fimple  ebullition,  a precipitate  is  afforded  by  cooling, 
which  is  called  kermes  mineral,  formerly  ufed  in  medicine.  It  is  thought  to  con- 
fid  of  the  calx  of  antimony  in  combination  with  a portion  of  fulphur  ; but  its  com- 
ponent parts  have  not  been  accurately  determined,  and  its  properties  differ  according 
to  the  various  methods  ufed  in  preparing  it. 

The  antimonial  preparations  mod  commonly  ufed  at  prefent  are,  antimonial  wine, 
and  emetic  tartar.  Thefe,  like  every  other  preparation  of  this  femi-metal,  are  pre- 
pared in  a variety  of  ways.  The  wine  may  be  had  by  infufing  pulverized  glafs  of 
antimony  in  Spanifh  white  wine  for  fome  days,  and  then  filtering  the  clear  fluid 
through  paper.  A very  minute  portion  of  the  calx  is  taken  up  ; and  this  is  greater 
or  lefs,  according  as  the  wine  is  more  or  lefs  acid  ; and  perhaps  according  to  the 
temperature  of  the  weather  at  the  time  of  adminidering  it.  On  this  account  it  is 
found  neceffary  to  give  this  medicine  cautioufly,  and  by  fmall  portions  at  a time, 
when  it  is  intended  that  it  Ihall  aft  as  an  emetic.  The  emetic  or  antimoniated  tar- 
tar of  the  London  college  is  thus  prepared  : Take  of  crude  antimony  and  nitre 

equal  parts,  feparately  reduced  to  powder,  mix  them,  and  injedt  them  into  a cruci- 
ble heated  to  whitenefs,  that  the  mixture  may  melt  after  deflagration;  pour  it  out,  and 
referve  the  yellow  mafs  beneath  the  fcorite,  under  the  name  of  crocus  of  antimony  .; 
reduce  this  to  a very  fubtle  powder;  boil  it  in  water,  and  wadi  the  powder  repeat- 
edly in  warm  water  till  it  becomes  perfectly  infipid  ; then  take  equal  parts,  by 
weight,  of  the  wafhed  crocus  of  antimony  and  of  cryftals  of  tartar,  and  boil  them 
together  in  three  pin;s  of  water  for  every  pound  of  tire  mixture,  during  half  an 
hour;  filter  the  liquor,  and  after  due  evaporation  fet  it  by  to  cryftallize. — This  is 
the  antimoniated  tartar.  1 1 is  a triple  fait,  confiding  of  the  acid  of  tartar,  united  to 
vegetable  alkali,  and  antimony  partially  calcined,  and  is  confidered  as  a fafe  medir 
cine,  whofe  properties  and  effects  are  more  conftant  and  milder  than  molt  other  anti- 
monial  remedies. 

It  has  not  been  dearly  determined  on  what  circumftances  the  medical  effefts  of 
antimony  depend.  The  faline  preparations  of  mercury  and  other  metals  are  fup- 
pofedtoderive  their  caufticity  from  their  tendency  tobecome  reduced  to  the  metallic 
'ftate  ; in  confequence  of  which  they  corrode  and  decompofe  other  combuftible  fub- 
ftances  : but  whether  this  be  the  cafe  with  antimony  is  doubtful-.  It  appears  ne- 
ceffary, however,  that  antimony  fhould  be  in  the  faline  ftate,  in  order  that  it 
may  act  upon  the  animal  fyftem.  When  the  regulus  is  made  into  thofe  fmall 
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balls  or  pills,  which,  on  account  of  the  little  change  they  undergo  in  pairing 
through  the  human  body,  have  been  called  perpetual  pills,  its  purgative  aftion  is 
more  or  lefs  violent  according  to  the  quantity  of  acid  it  meets  with  ; and,  in  the 
preparations  of  this  femi-metal,  their  effeds  feem  likewife  to  be  governed  by  the 
fame  circumfiance  joined  to  their  refpedive  degrees  of  folubility.  The  nearly 
pure  and  inioluble  calx,  produced  by  detonation  with  a large  proportion  of  nitre,  is 
almoft  ineffectual ; whereas  the  more  foluble  calces  or  combinations  are  more  or  lefs 
adive,  according  to  their  refpedive  natures.  Hence  it  appears  to  follow,  that  the 
iimpleft  faline  combinations  are  the  moft  likely  to  produce  effeds  conflantly  fimi- 
lar ; and  that  moft  of  the  calces  and  combinations,  fo  highly  extolled  in  the  earlier 
age  of  chemiftry,  are  attended  with  dangerous  uncertainty  in  their  operation. 

Antimony  combines  with  moft  other  metallic  fubftances,  and  produces  mixtures 
whofe  properties  have  been  attended  to  under  their  refpedive  titles. 

Antimony  is  found  either  native,  in  maffes  of  the  regulus,  compofed  of  fhining  ir- 
regular plates  ; or  calciform,  in  white  cryftallized  filaments ; or  combined  with  ful- 
phur,  in  the  dark  blueilh  or  grey  friable  mineral  called  antimony,  confiding  moft 
commonly  of  brilliant  filaments  difpofed  parallel  to  each  other;  or,  laftly,  combined 
with  fulphur  and  arfenic,  in  an  ore  which  greatly  refembles  the  foregoing,  except 
that  it  is  of  a red  or  reddilh  colour. 

Native  regulus  of  antimony,  or  its  calx,  may  be  affayed  by  nitrous  acid,  which 
diftolves  whatever  arfenic  it  may  contain,  and  only  calcines  the  antimony.  The 
fulphureous  antimonial  ores  are  moft  conveniently  analyzed  by  aqua  regia,  which 
takes  up  the  calx,  and  leaves  the  fulphur,  which  may  be  feparated  by  filtration.  The 
remaining  folvent  may  be  examined  with  the  ufual  precipitants.  In  the  dry  way, 
antimony  is  feparated  from  its  ftony  parts  by  fufion  in  a moderate  heat,  nearly  in 
thefame  manner  as  bifmuth,  and  maybe  reduced  by  flowlyroafting  it,  till  it  becomes 
converted  into  a grey  calx,  which  may  be  brifkly  fufed  with  twice  its  weight  of 
black  flux. 

Antimony  and  its  regulus  are  chiefly  ufed  in  medicine,  and  in  fome  metallic  ah 
loys,  fuch  as  that  ufed  for  printers’  types,  fmall  fhot,  &c. 

ANTS.  Sse  Acid  of  Ants. 

APPARATUS.  As  the  whole  of  the  pradical  part  of  chemiftry  confifts  in 
placing  bodies  in  contad  with  each  other,  fo  that  they  may  exert  their  refpedive 
attradions  or  powers  of  combination  without  intermixture  or  difturbance  of  other  bo- 
dies not  intended  to  enter  the  propofed experiments,  and  alfo  in  railing  or  lowering  the 
temperature  of  fuch  bodies  under  examination,  it  is  evident  that  the  degree  of  fuc- 
cefs  attending  thefe  refearches  muft  greatly  depend  upon  the  veflels  or  apparatus 
madeufe  of;  and  likewife  that  a great  part  of  the  terms  in  chemiftry  will  be  either 
defcriptive  of  the  apparatus,  or  of  the  operations  performed  with  them.  For  this  laft 
reafon,  we  fhall  here  fpeak  of  the  procefles  in  a curfory  way,  at  the  fame  time  that 
we  defcribe  the  apparatus. 

Moft  operations  that  require  an  increafe  of  temperature  are  performed  by  the  com- 
munication of  heat  from  bodies  in  combuftion.  But  in  feveral  operations  with  bo- 
dies in  the  pneumatical  way,  the  folar  focus  of  a convex  lens  is  ufed.  The  procefles 
which  are  performed  by  the  Ample  application  of  heat  are  the  following. 

Roafting.  This  confifts  in  expofing  mineral  bodies  to  the  heat  of  an  open  fire, 
for  the  purpofe  of  diflipating  their  volatile  contents. 

Calcination  is  performed  by  expofing  bodies,  in  an  open  veflel,  to  ftrong  heat, 
till  no  farther  change  can  be  produced  in  them.  The  body  which  remains  and 
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withstands  the  fire  is  called  a calx.  Both  thefe  terms  are  more  particularly 
applied  to  metals.  Such  bodies  as  are  very  little  changed  by  heat  are  called 
refra  (Story. 

Fufion  confifis  in  heating  bodies  in  proper  veflels  till  they  become  fluid.  It  is 
chiefly  ufed  for  the  purpofe  of  uniting  fmaller  bodies  into  one  large  mafs,  and  call- 
ing them  into  moulds  of  any  defined  figure.  The  facility  with  which  metals  may  be 
united  in  this  way,  after  they  have  been  divided,  is  probably  the  circumftance  that 
induced  mankind  to  ufe  them  as  the  mediums  of  exchange,  or  figns  of  value  of  all 
other  commodities. 

Digefiion  confifis  in  keeping  bodies  for  a considerable  time  immerfed  in  a fluid, 
at  a higher  temperature  than  that  of  the  atmofphere,  in  order  that  combinations  may 
take  place,  which  could  not  elfe  have  been  eftefted. 

Cementation  is  a procefs  wherein  folid  bodies,  one  or  more  of  them  being  pulve- 
rized, are  expofed  to  heat  in  clofed  veflels,  with  the  intention  that  the  more  vola- 
tile parts  of  the  one  body  may  unite  with  the  fixed  part  of  the  other. 

Evaporation  confifis  in  the  diffipating  of  fluids  by  heat. 

Concentration  confifis  in  increafing  the  proportion  of  faline  matter  in  any  watery 
fluid,  either  by  evaporating  part  of  the  water,  or  by  caufing  it  to  freeze,  and. taking 
away  the  ice. 

When  evaporation  is  performed  in  veflels  either  perfectly  or  nearly  clofed,  fo  that 
the  volatile  parts,  which  are  raifed  in  one  part  of  the  apparatus,  may  be  received  and 
eondcnfed  in  the  other  parts,  the  procefs  is  called  dift illation. 

Re&ification  is  a fubfequent  difiillation  of  the  product  which  comes  over. 

In  the  difiillation  of  fuch  bodies  as  are  folid,  in  the'ufual  temperature  of  the  atmo- 
fphere, the  vapours  are  fcarcely  condenfed  before  they  become  folid  again.  In  this 
cafe,  the  procefs  is  called  fublimation,  and  the  condenfed  vapours,  which  ufually 
have  a powdery  form,  are  called  flowers.  Such  are  the  flowers  of  brimftone,  of 
benjamin,  of  zinc,  &c.  Solid  produces  obtained  in  this  way  are  called  fubli- 
.mates. 

Some  of  thefe  operations  may  be  performed  by  a common  culinary  fire,  and  in- 
deed mofi:  of  them  may,  when  the  quantities  of  matter  are  final!,  which  is  ufually  the 
cafein  philofophical  experiments.  In  the  arts,  where  every  procefs  requires  to  be  re- 
peatedly carried  on  in  the  large  way,  a variety  of  furnaces  have  been  contrived  to 
luit  the  various  intentions  of  the  operators.  But  experimental  enquiries  demand  the 
occafional  exertion  of  every  branch  of  chemical  operation;  for  which  reafon,  the 
furnaces  and  apparatus  ought  to  be  conftrufied  on  as  general  principles  as 
poflible. 

The  veflels  ufed  in  chemiftry  are,  fig.  1,  crucibles  or  pots,  made  either  of  earth, 
black  lead,  forged  iron,  or  platina.  1 hey  are  ufed  for  roafting,  calcination,  and 
fufion. 

Fig.  2.  Cucurbits',  matrafles,  or  bodies,  which  are  glafs,  earthen,  or  metallic  vef- 
fels,  ufually  of  the  fbape  of  an  egg,  and  open  at  top.  They  ferve  the  purpofes 
of  digeftion,  evaporation,  &c. 

Fig.  3.  Retorts  are  globular  veflels  of  earthen  ware,  glafs,  or  metal,  with  a neck 
bended  on  one  fide.  Some  retorts  have  another  neck  or  opening  at  their  upper 
part,  through  which  they  may  be  charged, and  the  opening  may  be  afterwards  clofed 
with  aftopper.  Tfiefe  are  called  tubulated  retorts. 

Fig.  4.  Receivers  are  veflels,  ufually  of  glafs,  of  a fpherical  form,  with  a ftrait 
neck,  into  which  the  neck  of  the  retort  is  ufually  .inferted.  YV.hen  ..any  proper  fub- 
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fiance  is  put  into  a retort,  and  heated,  its  volatile  parts  pafs  over  into  the  receiver, 
where  they  are  condenfed. 

Fig.  5.  The  alembic  is  ufed  for  diflillation,  when  the  produds  are  too  volatile 
to  admit  of  the  ufe  of  the  laft-mentioned  apparatus.  The  alembic  confifts  of  a body 
A,  to  which  is  adapted  a head  B.  The  head  is  of  a conical  figure,  and  has  its  ex- 
ternal circumference  or  bafe  deprefled  lower  than  its  neck,  fo  that  the  vapours  which 
rife,  and  are  condenfed  againft  its  fides,  run  down  into  the  circular  channel  formed 
by  its  deprefled  part,  from  whence  they  are  conveyed  by  the  nofe  or  beak  C,  into  the 
receiver  D.  This  inflrument  is  lefs  Ample  than  the  retort,  which  certainly  may  be 
ufed  for  the  mod  volatile  produds,  if  care  be  taken  to  apply  a gentle  heat  on  fuch 
occafions.  But  the  alembic  has  its  conveniences.  In  particular,  the  refidues  of  dif- 
tillations  may  be  eafily  cleared  out  of  the  body  A ; and  in  experiments  of  fublima- 
tion,  the  head  is  very  convenient  to  receive  the  dry  products,  while  the  more  vola- 
tile and  elaftic  parts  pafs  over  into  the  receiver. 

Fig.  6.  Is  the  drawing  of  an  alembic  commonly  made  in  metal.  The  head  is 
contained  in  a veflel  of  cold  water,  to  accelerate  the  condenfation  ; a method  which 
is  not  fo  rational  as  that  of  cooling  the  receiver,  becaufe  the  coldnefs  of  the  head  in 
the  former  cafe  caufes  much  of  the  vapour  to  fall  again  into  the  body. 

Fig.  7.  Reprefents  the  large  ftills  ufed  in  the  diflillation  of  ardent  fpirits.  In- 
flead  of  ufing  a refrigeratory  or  receiver,  the  fpirit  is  made  to  pafs  through  a fpiral 
pipe  called  the  worm,  which  is  immerfed  in  a tub  of  cold  water.  During  its  paf- 
fage  it  is  condenfed,  and  comes  out  at  the  lower  extremity,  E,  of  the  pipe,  in  a fluid 
form. 

The  befl  conftrudion  of  a furnace  has  not  been  well  afcertained  from  experience. 
There  are  fads  which  fhew  that  a fire  made  on  a grate  near  the  bottom  of  a chimney, 
of  equal  width  throughout,  and  open  both  above  and  below,  will  produce  a more 
intenfe  heat  than  any  other  furnace.  What  may  be  the  limits  for  the  height  of  the 
chimney  is  not  afcertained  from  any  precife  trials ; but  thirty  times  its  diameter 
would  not  probably  be  too  high.  It  feems  to  be  a difadvantage  to  contrad  the  dia- 
meter of  a chimney,  fo  as  to  make  it  fmaller  than  that  of  the  fire-place,  when  no 
other  air  is  to  go  up  the  chimney  than  what  has  palled  through  the  fire  ; and  there  is 
no  profped  of  advantage  to  be  derived  from  widening  it. 

Fig.  8.  Exhibits  the  common  fmall  furnace  for  melting.  A is  the  afh-hole,  where 
the  air  enters.  C is  the  fire-place,  containing  a covered  crucible-ftand  on  a fupport 
of  baked  earth,  which  refis  on  the  grate.  D is  the  paflage  into  E,  the  chimney.  At 
D is  a fnallow  crucible  called  a cupel,  placed  in  the  current  of  the  flame,  and  at  F is 
an  earthen  or  Hone  cover,  to  be  occafionally  taken  off  for  the  purpofe  of  fupplying 
the  fire  with  fuel. 

Fig.  9.  Is  the  reverberatory  furnace.  A is  the  fire-place,  B the  dome  and  chim- 
ney, which  is  moveable.  It  ferves  to  refled  the  flames,  and  caufes  them  to  furround 
the  veflel  C,  which  is  by  that  means  more  ftrongly  heated  than  otherwife. 

Charcoal  is  the  material  mod  commonly  ufed  in  furnaces.  It  produces  an  intenfe 
heat  without  fmoke,  but  it  is  confumed  very  fait.  Coke  or  charred  pit  coal  produces 
a very  llrong  and  lafling  heat.  Neither  of  thefe  produce  a ftrong  heat  at  a diftance 
Irom  the  fire.  Where  the  adion  of  flame  is  required,  wood  or  coal  muft  be  burned. 
Several  inconveniences  attend  the  ufe  of  coal,  as  its  fuliginous  fumes,  and  its  apti- 
tude to  flop  the  paflage  of  air  by  becoming  fufed.  It  is  ufed  however  in  the  rever- 
beratory furnaces  of  glafs-houfes,  and  is  the  bell  material  where  veflels  are  to  be 
fupplied  with  a great  quantity  of  heat  at  no  great  intenfity,  fuch  as  in  diftil- 
leries,  &c. 
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In  many  operations,  where  a moderate  and  regular  heat  is  required,  it  is  ad- 
vantageous to  ufe  a bath,  or  to  coat  the  veflel  intended  to  be  heated.  A chemical 
bath  is  ufually  made  by  putting  a quantity  of  water,  fand,  or  other  fluid,  or 
pulverulent  fubftance,  into  a metallic  veflel  or  pot,  and  immerfing  the  diftil- 
ling  veflel  in  it.  When  the  water  or  fand  is  once  heated,  it  prevents  the  fud- 
den  changes  in  the  intenfity  of  the  fire  from  affedting  the  veflel  that  contains  the 
matter  under  examination.  Chemical  baths  are  made  with  water,  fand,  iron  filings, 
mercury,  and  with  the  fufible  compofition  of  eight  parts  bifmuth,  five  lead,  and 
three  tin,  which  becomes  fluid  with  a lefs  heat  than  that  of  boiling  water. 

Coating  is  chiefly  intended  to  prevent  glafs  veflels  from  cracking  by  the  fudden 
variations  of  heat;  and  ferves  likewife  to  render  them  capable  of  preferving  their 
figure  in  higher  degrees  of  heat  than  they  could  fuftain  without  it.  The  materials 
are  clay  and  fine  fand,  well  worked  together  into  a pafte,  and  with  the  addition  of 
fome  hair,  fuch  as  the  bricklayers  ufe.  This  is  laid  upon  the  veflel  in  fucceflive 
thin  coatings. 

The  joints  or  clofures  of  veflels  are  made  tight  by  compofitions  called  lutes.  The 
clay  and  fand  ufed  for  coating  makes  a very  good  lute.  In  the  diftillation  of  fub- 
ftances  which  are  not  corrofive,  it  is  found  convenient  to  clofe  the  junctures  with 
paper  or  linen  parted  on.  Wet  ftrips  of  bladder  may  alfo  be  ufed  in  thefe  cafes. 
Slaked  lime  and  the  whites  of  eggs  form  a good  lute,  which  dries  and  becomes 
firm  ; but  the  compofition  called  fat  lute  is  ufed  when  the  vapours  are  of  a corrofive 
and  volatile  nature.  This  is  compofed  of  clay,  firft  made  very  dry  and  pulverized, 
and  then  beat  together  into  a parte  with  linfeed  oil,  which  has  been  boiled  upon 
litharge,  and  is  known  in  the  (hops  by  the  name  of  drying  oil.  Fat  lute  does  not 
harden,  but  requires  to  be  fecured  on  its  place  by  ftrips  of  linen  dipped  in  the  lute 
made  of  lime  and  whites  of  eggs. 

The  flame  of  a lamp,  with  many  fmall  wicks,  may  be  ufed  in  diftillations  that 
require  a low  heat. 

An  ingenious  ftudent  in  chemiftry,  when  he  has  familiarized  himfelf  with  the  firft 
principles,  will  foon  perceive  that  there  are  few  philofophical  enquiries,  if  any,  that 
require  a large  apparatus  of  furnaces  or  veflels.  A tobacco-pipe  is  a very  ufeful  cru- 
cible, in  which  a great  number  of  operations  may  be  performed  in  a common  fire, 
efpecially  if  urged  with  a pair  of  good  double  bellows.  An  earthen  pot,  or  iron 
ladle,  will  contain  a fand-bath ; and  apothecaries  phials,  or  Florence  flafks,  ferve 
very  well  for  matrafles.  Chafing  dirties,  or  fmall  iron  ftoves,  may  be  applied  to 
ferve  many  ufeful  purpofes.  And  the  blow-pipe  and  fpirit-lamp,  with  a fet  of  fmall 
retorts  and  receivers,  may  be  adapted  to  the  performance  of  almoft  every  part  of 
experimental  chemiftry. 

The  black-lead  pots  are  very  convenient  for  conftrucfting  a variety  of  moveable 
furnaces.  They  may  be  cut  without  difficulty  by  a faw  whofe  teeth  are  fet  wide,  and 
very  eafily  admit  of  being  fcraped,  drilled,  or  ground  with  fand,  to  give  them  the 
requifite  figure.  In  Dr.  Lewis’s  conftrudtion,  from  whom  the  four  following  figures 
are  taken,  the  pots  which  are  intended  to  be  applied  to  each  other  are  ground  flat 
upon  a ftone,  with  a little  fand,  the  holes  are  fawed  with  the  common  compafs-faw 
of  the  carpenters,  and  are  made  a little  narrower  externally  than  internally,  by  which 
means  it  is  eafy  to  fit  them  with  Hoppers  made  out  of  the  broken  pieces  that  may  be 
bought  where  the  pieces  are  fold.  Three  or  four  hoops  of  copper-wire,  about  the 
thicknefs  of  a crow-quill,  and  firft  foftened  by  heating  it  red  hot,  are  faftened  round 
the  pots  in  the  moft  convenient  places,  to  render  them  more  durable  by  keeping’ 
a their 
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their  parts  together,  after  they  may  have  been  cracked.  A thin  copper  hoop  ferves 
to  fecure  the  place  of  junction  of  two  pots. 

Fig.  10.  Reprefents  a furnace  for  open  fire  formed  by  one  pot.  The  lower 
fquare  aperture  is  the  door  of  the  a(h-pit,  and  the  upper  one  the  door  of  the  fire- 
place, which  in  the  intentions  this  furnace  is  defigned  for  is  kept  fhut.  The  char- 
coal is  put  in  at  the  top,  and  fupplied  with  air  by  one  or  more  of  the  lower  apertures, 
and  the  intenfity  of  the  fire  may  in  fome  meafure  be  regulated  by  more  or  lefs  doling 
of  the  apertures.  If  an  iron  pot,  a ladle,  or  an  old  frying-pan,  containing  fand,  be 
put  over  this  fire  on  three  iron  fupporters,  fo  as  to  leave  room  for  the  efcape  of  the 
burned  air  from  the  fire,  a bath  will  be  formed,  in  which  digeflions,diflillations,  and 
other  chemical  operations,  may  be  performed.  The  round  hole  in  the  bottom  ferves 
to  infert  the  nozle  of  a pair  of  bellows,  which,  when  the  other  apertures  are  flopped, 
converts  it  into  a blafl  furnace. 

Fig.  11.  Is  a wind  furnace,  formed  by  two  pots  applied  mouth  to  mouth.  An 
iron  chimney,  compofed  of  pieces  by  which  its  length  may  be  regulated  fo  as  to 
increafe  the  draft  at  pleafure,  is  put  on  the  top.  The  crucible  containing  the  fub- 
jeCl  matters  is  placed  upon  a circular  piece  of  brick  laid  upon  the  grate,  which  pre- 
vents the  cold  air  from  immediately  finking  the  crucible  and  endangering  the  break- 
ing it.  The  charcoal  is  put  through  the  fire-place  door,  or  larger  aperture  of  the 
dome,  or  upper  pot,  which  fhould  always  be  clofed  immediately  after  each  fupply  of 
fuel.  The  two  oppofite  holes  in  the  upper  part  of  the  dome  afford  the  conveniency 
ofpaffing  an  iron  rod  through,  for  fafely  and  commodioufly  lifting  it  when  intenfely 
heated. 

Fig.  12.  Is  a furnace  confifling  of  two  pots,  feparated  by  an  iron  hoop,  in  which 
an  opening  or  door  is  cut.  It  ferves  for  a reverberatory  furnace  for  diflilling  with 
retorts  of  earthen-ware  or  coated  glafs.  The  bottom  of  the  diflilling  veffel  refls  on 
two  bars  laid  acrofs  within  the  lower  pot.  If  the  grate  of  this  furnace  be  occafionally 
changed  for  a larger,  which  may  be  placed  near  the  edge  of  the  lower  pot,  a muffle, 
or  fmall  earthen  oven,  may  be  placed  in  the  midft  of  the  fire  with  its  mouth  oppofite 
the  hole  in  the  iron  hoop.  In  this  may  be  performed  all  proceffes  that  require  the 
admiffion  of  air  and  frequent  infpedion,  fuch  as  allays,  enamelling,  &c. 

Fig.  13.  Is  an  improved  blafl  furnace.  The  pot  which  contains  the  fuel  for  this 
purpofe  has  a number  of  holes  bored  at  fmall  difla'nces,  in  fpiral  lines,  all  over  it, 
from  the  bottom  up  to  fuch  an  height  as  it  is  defigned  the  fuel  fhall  reach.  The 
crucible  is  placed  upon  a proper  fupport  in  the  bottom,  and  the  holes  are  made  not 
in  a perpendicular  direction  to  it,  but  oblique,  ‘that  the  ftreams  of  air  forced  in 
through  them  may  but  juft  touch  it;  by  this  means  the  crucible  is  in  no  danger  of 
being  cracked  by  the  blafl,  and  the  impelled  heat  plays  in  a kind  of  fpiral  upon  its 
furface.  The  lower  pot  receives  this  perforated  pot  to  fuch  a depth  diat  all  its  holes 
hang  in  the  cavity,  which  cavity  having  no  other  outlet  than  the  aperture  for  the 
bellows,  the  air -blown  in  through  this  aperture  neceflarily  diflributes  itfelf  through 
the  perforations  of  the  inner  pot.  Both  pots  may  be  of  the  largefl  fize,  the  external 
narrow  part  of  the  inner  falling  into  the  wide  mouth  of  the  outer.  It  wants  no  addi- 
tion to  its  height;  but,  on  the  contrary,  will  be  more  commodious  in  regard  to  the  in- 
fpeCtion  and  taking  out  of  the-crucible,  if  all  the.  part  above  where  the  fuel  reaches 
be  fawed  away  The  mofl  convenient  cover  for  it  is  an  iron  plate  with  a round 
hole  in  the  middle,  and  a handle  projecting  at  one. fide  for  lifting  it.  (Letter  A.) 

The  force  of  the  fire  being  thus  in  a great  meafure  concentrated  upon  the  cru- 
cible in  the  middle  of  the. fuel,  the.  crucible  is  heated  expeditioufly,  and  with  a little 
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quantity  of  fuel,  to  a very  intenfe  degree,  while  the  exterior  parts  of  the  furnace 
are  of  no  great  heat,  and  permit  the  operator  to  approach  without  incommoding 
him. 

Every  effedl  of  the  moft  violent  heat  of  furnaces  may  be  produced  by  the  flame 
of  a candle  or  lamp,  urged  upon  a fmall  particle  of  any  fubftance,  by  the  blow-pipe. 
This  inftrument  is  fold  by  the  ironmongers,  and  confifts  merely  of  a brafs  pipe  about 
one  eighth  of  an  inch  diameter  at  one  end,  and  the  other  tapering  to  a much  lefs 
fize,  with  a very  fmall  perforation  for  the  wind  to  efcape.  The  fmaller  end  is 
bended  on  one  fide.  For  philofophical  or  other  nice  purpofes  the  blow-pipe  is 
provided  with  a bowl  or  enlargement,  B (fig.  14),  in  which  the  vapours  of  the 
breath  are  condenfed  and  detained,  and  alfo  with  three  or  four  fmall  nozles,  with 
different  apertures,  to  be  flipped  on  the  fmaller  extremity.  Thefe  are  of  ufe  when 
larger  or  fmaller  flames  are  to  be  occafionally  ufed,  becaufe  a larger  flame  requires 
a large  aperture,  in  order  that  the  air  may  effectually  urge  it  upon  the  matter  under 
examination. 

There  is  an  artifice  in  the  blowing  through  this  pipe,  which  is  more  difficult  to 
defcribe  than  to  acquire.  The  effedt  intended  to  be  produced  is  a continual  ftream 
of  air  for  many  minutes,  if  neceflary,  without  ceafing.  This  is  done  by  applying 
the  tongue  to  the  roof  of  the  mouth,  fo  as  to  interrupt  the  communication  between 
the  mouth  and  the  paflage  of  the  noflrils ; by  which  means  the  operator  is  at  liberty 
to  breathe  through  the  noflrils,  at  the  fame  time  that  by  the  mufcles  of  the  lips  he 
forces  a continual  ftream  of  air  from  the  anterior  part  of  the  mouth  through  the 
blow-pipe.  When  the  mouth  begins  to  be  empty,  it  is  replenifhed  by  the  lungs  in 
an  inftant,  while  the  tongue  is  withdrawn  from  the  roof  of  the  mouth,  and  replaced 
again  in  the  fame  manner  as  in  pronouncing  the  monofyllable  tut.  In  this  way  the 
ftream  may  be  continued  for  a long  time  without  any  fatigue,  if  the  flame  be  not 
urged  too  impetuoufly,  and  even  in  this  cafe  no  other  fatigue  is  felt  than  that  of  the 
mufcles  of  the  lips. 

A wax  candle  of  a moderate  fize,  but  thicker  wick  than  they  are  ufually  made 
with,  is  the  moft  convenient  for  occafional  experiments ; but  a tallow  candle  will 
do  very  well.  The  candle  fliould  be  fnuffed  rather  ftiort,  and  the  wick  turned  on 
one  fide  towards  the  objedt,  fo  that  a part  of  it  ftiould  lie  horizontally.  The  ftream  of 
air  muft  be  blown  along  this  horizontal  part,  as  near  as  may  be  without  ftriking 
the  wick.  If  the  flame  be  ragged  and  irregular,  it  is  a proof  that  the  hole  is  not 
round  or  fmooth  ; and  if  the  flame  have  a cavity  through  it,  the  aperture  of  the  pipe 
is  too  large.  When  the  hole  is  of  a proper  figure  and  duly  proportioned,  the  flame 
confifts  of  a neat  luminous  blue  cone,  furrounded  by  another  flame  of  a more  faint 
and  indiftindt  appearance.  The  ftrongeft  heat  is  at  the  point  of  the  inner  flame. 

The  body  intended  to  be  adted  on  by  the  blow-pipe  ought  not  to  exceed  the  fize 
of  a pepper-corn.  It  may  be  laid  upon  a piece  of  clofe- grained  well-burned  char- 
coal, unlefs  it  be  of  fuch  a nature  as  to  fink  into  the  pores  of  that  fubftance,  or  to 
have  its  properties  affedted  by  its  inflammable  quality.  Such  bodies  may  be  placed 
in  a fmall  fpoon  made  of  pure  gold  or  filver,  or  platina. 

Many  advantages  may  be  derived  from  the  ufe  of  this  dimple  and  valuable  inftru- 
ment.  Its  fmallnefs,  which  renders  it  fuitable  to  the  pocket,  is  no  inconfiderable 
recommendation.  The  moft  expenfive  materials,  and  the  minuteft  fpecimens  of 
bodies,  may  be  ufed  in  thefe  experiments,  and  the  whole  procefs,  inftead  of  being 
carried  on  in  an  opake  veflel,  is  under  the  eye  of  the  obferver  from  beginning  to 
end.  It  is  true,  that  very  little  can  be  determined  in  this  way  concerning  the  quan- 
tities of  produdts ; but,  in  moft  cafes,  a knowledge  of  the  contents  of  any  fub- 
ftance 
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dance  is  a great  acquifition,  which  is  thus  obtained  in  a very  fhort  time,  and  will  at 
all  events  ferve  to  fhew  the  bed  and  lead  expenfive  way  of  conducting  proceffes  with 
the  fame  matters  in  the  larger  way. 

The  blow-pipe  has  defervedly  of  late  years  been  confidered  as  an  effential  mdru- 
ment  in  a chemical  laboratory,  and  feveral  attempts  have  been  made  to  facilitate  its 
ufe  by  the  addition  of  bellows,  or  fome  other  equivalent  indruments.  Thefe  are 
doubtlefs  very  convenient,  though  they  render  it  lefs  portable  for  mineralogical  re- 
fearches.  It  will  not,  here,  be  neceflary  to  enter  into  any  defcription  of  a pair  of 
double  bellows  fixed  under  a table,  and  communicating  with  a blow-pipe  which  paffes 
through  the  table.  Smaller  bellows,  of  a portable  fize  for  the  pocket,  have  been 
made  for  the  fame  purpofe.  The  ingenious  chemid  will  find  no  great  difficulty  in 
adapting  a bladder  to  the  blow-pipe,  which,  under  the  predure  of  a board,  may  pro- 
duce  a condant  dream  of  air,  and  may  be  replenifhed,  as  it  becomes  empty,  by 
blowing  into  it  with  bellows,  or  the  mouth,  at  another  aperture  furnifhed  with  a valve 
opening  inwards. 

The  chief  advantage  thefe  contrivances  have  over  the  common  blow-pipe  is,  that 
they  may  be  filled  with  vital  or  dephlogidicated  air,  which  increafes  the  activity  of 
eombudion  to  an  adonifhing  degree.  For  the  various  habitudes  of  bodies  when  ex- 
amined by  the  blow-pipe,/^  Blow-pipe. 

Little  need  be  faid  concerning  the  manner  of  making  experiments  with  fluid  bo- 
dies in  the  common  temperature  of  the  atmofphere.  Bafons,  cups,  phials,  ma- 
trafles,  and  other  fimilar  veflels,  form  the  whole  apparatus  required  for  the  purpofe 
of  containing  the  matters  intended  to  be  put  together,  and  no  other  precaution  or  in- 
druClion  is  required  than  to  ufe  a veflel  of  fuch  materials  as  (hall  not  be  corroded  or 
a<fled  upon  by  its  contents,  and  of  fufficient  capacity  to  admit  of  any  fudden  expan- 
fion  or  frothing  of  the  fluid,  if  expected.  This  veflel  mud  be  placed  in  a current 
of  air,  if  noxious  fumes  arife,  in  order  that  thefe  may  be  blown  from  the  ope- 
ration. 

The  method  of  making  experiments  with  permanently  elaftic  fluids,  or  air,  though 
Ample,  is  notfo  obvious.  We  live  immerfed  in  an  atmofphere  not  greatly  differing  in 
denfity  from  thefe  fluids,  which  are  not  for  that  reafon  diffidently  ponderous  to  be 
detained  in  open  veflels  by  their  weight.  Their  remarkable  levity,  however,  affords 
a method  of  confining  them  by  means  of  other  denfer  fluids.  Dr.  Priedley,  whofe 
labours  have  fo  far  exceeded  thofe  of  his  predeceffors  and  cotemporaries,  both  in 
extent  and  importance,  that  he  may  with  juftice  be  ftyled  the  father  of  this  important 
branch  of  natural  philofophy,  ufes  the  following  apparatus. 

Fig.  15.  A reprefents  a wooden  veflel  or  tub;  K,  K,  K,  is  a fhelf  fixed  in  the 
tub.  When  this  apparatus  is  ufed,  the  tub  is  to  be  filled  with  water  to  fuch  an  height 
as  to  rife  about  one  inch  above  the  upper  furface  of  the  fhelf.  B,  G,  F,  are  glafs 
jars  inverted  with  their  mouths  downwards,  which  red  upon  the  flielf.  If  thefe,  or 
any  other  veflels  open  only  at  one  end,  be  plunged  under  the  water,  and  inverted 
after  they  are  filled,  they  will  remain  full,  notwithdanding  their  being  raifed  out  of 
the  water,  provided  their  mouths  be  kept  immerfed : for  in  this  cafe,  the  water  is 
fudained  by  the  preffure  of  the  atmofphere,  in  the  fame  manner  as  the  mercury  in  the 
barometer.  It  may  without  difficulty  be  imagined,  that  if  common  air,  or  any  other 
fluid  refembling  common  air  in  lightnefs  and  eladicity,  be  differed  to  enter  thefe 
veflels,  it  will  rife  to  the  upper  part,  and  the  furface  of  the  water  will  fubfide.  If  a 
bottle,  a cup,  or  any  other  veflel,  in  that  date  which  isufually  called  empty,  though 
really  full  of  air,  be  plunged  into  the  water  with  its  mouth  downwards,  fcarce  any 
water  will  enter,  becaufe  its  entrance  is  oppofed  by  the  eladicity  of  the  included 
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air ; but  if  the  veffel  be  turned  up,  it  immediately  fills,  and  the  air  rifes  in  one  or 
more  bubbles  to  the  furface.  Suppofe  this  operation  to  be  performed  under  one  of 
the  jars  which  are  filled  with  water,  the  air  will  afcend  as  before;  but,  inftead  of 
efcaping,  it  will  be  detained  in  the  upper  part  of  the  jar.  In  this  manner,  therefore, 
we  fee  that  air  may  be  emptied  out  of  one  veffel  into  another  by  an  inverted  pour- 
ing, in  which  the  air  is  made  to  afcend  from  the  lower  to  the  upper  veffel,  in  which 
the  experiments  are  performed,  by  the  adtion  of  the  weightier  fluid,  exactly  fimilar 
to  the  common  pouring  of  denfer  fluids,  detained  in  the  bottoms  of  open  veflels,  by 
the  fimple  action  of  gravity.  When  the  receiving  veffel  has  a narrow  neck,  the  air 
may  be  poured  through  a glafs  funnel,  H. 

C (fig.  15)  is  a glafs  body  or  bottle,  whofe  bottom  is  blown  very  thin,  that  it 
may  fupport  the  heat  of  a candle  fuddenly  applied,  without  cracking.  In  its  neck 
is  fitted,  by  grinding,  a tube  D,  curved  neatly  in  the  form  of  the  letter  S.  This  kind 
of  veffel  is  very  ufeful  in  various  chemical  operations,  for  which  it  will  be  conve- 
nient to  have  them  of  feveral  fizes.  In  the  figure,  the  body  C is  reprefented  as  con- 
taining a fluid,  in  the  adt  of  combining  with  a fubftance  that  gives  out  air,  which 
paffes  through  the  tube  into  the  jar  B,  under  whofe  mouth  the  other  extremity  of  the 
tube  is  placed.  At  E is  a fmall  retort  of  glafs  or  earthen- ware,  whofe  neck  being 
plunged  in  the  water,  beneath  the  jar  F,  is  fuppofed  to  emit  the  elaftic  fluid,  extri- 
cated from  the  contents  of  the  retort,  which  is  received  in  the  jar. 

When  any  thing,  as  a gallipot,  is  to  be  fupported  at  a confiderable  height  within 
ajar,  it  is  convenient  to  have  fuch  wire  ftands  as  are  reprefented  fig.  16.  Thefe  an- 
fwer  better  than  any  other,  becaufe  they  take  up  but  little  room,  and  are  eafily 
bended  to  any  figure  or  height. 

In  order  to  expel  air  from  folid  fubftances  by  means  of  heat,  a gun-barrel,  with 
the  touch-hole  fcrewed  up  and  rivetted,  may  be  ufed  inftead  of  an  iron  retort.  The 
fubjedtmay  be  placed  in  the  chamber  of  the  barrel,  and  the  reft  of  the  bore  may  be  filled 
with  dry  fand,  that  has  been  well  burned,  to  expel  whatever  air  it  might  have  con- 
tained. The  ftem  of  a tobacco-pipe,  or  a fmall  glafs  tube,  being  luted  in  the  ori- 
fice of  the  barrel,  the  other  extremity  muft  be  put  into  the  fire,  that  the  heat  may 
expel  the  air  from  its  contents.  This  air  will  of  courfe  pafs  through  the  tube,  and 
may  be  received  under  an  inverted  veffel,  in  the  ufual  manner. 

But  the  moft  accurate  method  of  procuring  air  from  feveral  fubftances  by  means 
of  heat,  is  to  put  them,  if  they  will  bear  it,  into  phials  full  of  quickfilver,  with  the 
mouths  inverted  in  the  fame,  and  then  throw  the  focus  of  a burning  lens  or  mirror 
upon  them.  For  this  purpofe,  their  bottoms  fhould  be  round  and  very  thin,  that 
they  may  not  be  liable  to  fly  with  the  fudden  application  of  heat.  The  body  C an- 
fwers  this  purpofe  very  well. 

Many  kinds  of  air  combine  with  water,  and  therefore  require  to  be  treated  in  an 
apparatus  in  which  quickfilver  is  made  ufe  of.  This  fluid  being  very  ponderous, 
and  of  confiderable  price,  it  is  an  objedt  of  convenience  as  well  as  economy,  that  the 
trough  and  veffels  (hould  be  fmaller  than  when  water  is  ufed. 

When  trial  is  to  be  made  of  any  kind  of  air,  whether  it  be  fit  for  maintaining 
combuftion,  the  air  may  be  put  in  a long  narrow  glafs  veffel,  whofe  mouth  being 
carefully  covered,  may  be  turned  upward.  A bit  of  wax  candle  being  then  fattened 
to  the  end  of  a wire,  which  is  bended  fo  that  the  flame  of  the  candle  may  be  upper- 
moft,  is  to  be  let  down  into  the  veffel,  which  muft  be  kept  covered  till  the  inftant  of 
plunging  the  lighted  candle  in  the  air. 

Where  the  change  of  dimenfions,  which  follows  from  the  mixture  of  feveral  kinds 
of  air,  is  to  be  afcertained,  a graduated  narrow  cylindrical  veffel  may  be  made  ufe 
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of.  The  graduations  may  be  made  by  pouring  in  fucceffive  equal  meafures  of  wa- 
ter into  this  veffel,  and  marking  its  furface  at  each  addition.  The  meafure  may  be 
afterwards  ufed  for  the  different  kinds  of  air,  and  the  change  of  dimenfions  will  be 
(hewn  by  rife  or  fall  of  the  mercury  or  water  in  the  graduated  veffel.  The  purity  of 
common  air  being  determinable  by  the  diminution  produced  by  the  addition  of 
nitrous  air,  thefe  tubes  have  been  called  eudiometer  tubes.  There  are  inftruments 
called  eudiometers,  which  confift  of  an  affemblage  of  parts  adapted  to  the  due  mixture 
of  thefe  airs,  and  the  accurate  meafurement  of  the  change  of  bulk  they  undergo. 

Some  fubftances,  more  efpecially  powders,  cannot  conveniently  be  put  in  a 
phial,  or  paffed  through  a fluid.  When  air  is  to  be  extricated  from,  or  added 
to  thefe,  there  is  no  better  method  than  to  place  them  on  a ftand  under  the 
receiver  of  the  air-pump,  and  exhauft  the  common  air  inftead  of  excluding  it  by 
water  or  mercury.  This  procefs  requires  a good  air-pump  and  careful  manage- 
ment, otherwifethe  common  air  will  not  be  well  excluded. 

It  is  frequently  an  interefting  object  to  pafs  the  eledtric  fpark  through  different 
kinds  of  air,  either  alone  or  mixed  together.  In  this  cafe  a metallic  wire  may  be 
fattened  in  the  upper  end  of  a tube,  and  the  fparks  or  fhock  may  be  paffed  through 
this  wire  to  the  mercury  or  water  ufed  to  confine  the  air.  If  there  be  reafon  to  ap- 
prehend that  an  expanfion  in  the  air  may  remove  the  mercury  or  water  beyond  the 
ftriking  diftance,  another  wire  may  be  thruft  up  to  receive  the  electricity,  or  two 
wires  may  be  cemented  into  oppofite  holes  in  the  fides  of  an  hermetically  fealed  tube. 
Holes  may  be  made  in  glafs,  for  this  and  other  chemical  ufes,  by  a drill  of  copper  or 
foft  iron,  with  emery  and  water  ; and  where  this  inftrument  is  wanting,  a fmall  round 
file  with  water  will  cut  a notch  in  fmall  veffels,  fuch  as  phials  or  tubes,  though  with 
fome  danger  of  breaking  them.  In  fome  eledtrical  experiments  of  the  kind  here 
mentioned,  there  is  reafon  to  expedl  a fallacious  refult  from  the  wires  being  burned 
by  the  explofion  or  fpark.  For  this  reafon,  the  eledtricity  may  be  made  to’pafs 
through  the  legs  of  a fyphon,  containing  the  air  which  is  under  confideration  in  the 
upper  part  of  its  curvature.  One  of  the  veffels,  in  which  the  legs  of  the  fyphon  reft, 
mutt  therefore  be  infulated  ; and  if  any  watery  fluid  be  ufed  to  confine  the  air,  it  is 
generally  fuppofed  that  no  combuftion  takes  place. 

The  procefs  of  impregnating  water  with  any  aerial  fluid  it  will  combine  with, 
does  not  require  any  particular  apparatus,  but  may  be  performed  with  fuch  utenfils 
as  are  every  where  to  be  met  with.  The  moft  ufual  operation  of  this  kind,  is  that 
of  impregnating  water  with  fixed  air,  which  may  be  done  in  the  following  manner. 
The  quart  bottle  C,  fig.  1 7,  is  filled  with  water,  and  inverted  into  the  bafon  F,  which 
likewife  contains  a little  water.  The  inversion  may  be  eafily  managed,  without 
any  of  the  contents  of  the  bottle  efcaping,  if  its  orifice  be  covered  with  a card,  to  be 
withdrawn  after  the  immerfion.  A is  a half  pint  phial,  into  which  broken  pieces  of 
marble  or  chalk  are  put ; and  upon  them  is  poured  as  much  water,  rendered  very 
acid  by  a mixture  of  oil  of  vitriol,  as  may  fill  the  bottle  two-thirds.  B is  a bladder, 
whofe  neck  is  tied  fall  round  a perforated  cork  of  a tapering  figure.  After  the  effer- 
vefcence  of  the  chalk  and  the  acid  has  begun,  the  cork  is  to  be  thruft  into  the  neck 
of  the  phial  A ; the  bladder  being  previoufly  emptied  by  preffure.  Fixed  air  will 
efcape  from  the  chalk,  and  inflate  the  bladder.  When  this  laft  is  full,  it  muft  be 
difengaged  from  the  bottle,  and  the  bended  tube  E muft  be  thruft  into  the  orifice 
of  its  cork.  The  aperture  of  the  tube  being  then  placed  beneath  the  mouth  of  the 
bottle  C,  it  is  eafy  to  difcharge  the  aerial  contents  of  the  bladder  by  preffure  into 
this  laft.  Agitation  of  the  bottle  C,  without  withdrawing  its  neck  out  of  the  water, 
increafes  the  contadt  of  the  air  and  water,  by  dividing  them  into  fmall  parts,  and  by 
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that  means  caufes  the  abforption  to  take  place  in  a few  feconds.  Two  or  three  re- 
petitionsof  th  procefs  impregnates  the  water  fo  fully,  that  it  will  abforb  no  more 
in  this  way.  The  Pyrmont  water  is  of  this  kind. 

The  ufe  of  the  bladder  in  this  operation  is  only  to  prevent  any  of  the  fluid  con- 
tents of  the  bottle  A from  paffing  into  the  bottle  C,  which  would  happen  in  the  vio- 
lent ftate  of  ebullition5  if  the  tube  E were  to  pafs  diredly  from  the  bottle  A to  C. 
The  manipulation  is  Ampler  if  the  bladder  have  two  holes  at  its  oppoAte  ends,  the 
one  containing  a cork,  conftantly  kept  in  the  neck  of  the  bottle  A,  and  the  other 
faftened  round  the  tube  E,  which  then  remains  conftantly  beneath  the  mouth  of  C, 
and  the  air  is  prefled  up  as  occafion  may  demand.  See  fig.  18. 

When  habitual  ufe  is  made  of  water  impregnated  with  fixed  air,  the  apparatus  of 
Dr.  Nooth  is  very  effedual  and  convenient.  It  confifts  of  three  glafs  veflels  (fig. 
19).  The  lower  veflel  C contains  the  effervefcent  materials ; it  has  a fmall  orifice  at 
D,  flopped  with  a ground-ftopper,  at  which  an  additional  fupply  of  either  acid  or 
water,  or  chalk,  may  be  occafionally  introduced.  The  middle  veflel  B is  open, 
both  above  and  below.  Its  inferior  neck  is  fitted  by  grinding  into  the  neck  Hof 
the  lower  veflel.  In  the  former  is  a glafs  valve,  formed  by  two  pieces  of  tube,  and 
a lens,  which  is  moveable,  between  them,  as  reprefented  in  fig.  20.  This  valve  opens 
upwards,  and  fuffers  the  air  to  pafs ; but  the  water  cannot  return  through  the  tubes, 
partly  becaufe  the  orifice  is  capillary,  and  partly  becaufe  the  flat  lens  covers  the 
hole.  The  middle  veflel  is  furnifhed  with  a cock  E,  to  draw  off  its  contents.  The 
upper  veflel  A is  fitted,  by  grinding,  into  the  upper  neck  of  the  middle  veflel.  Its 
inferior  part  confifts  of  a tube  that  pafles  almoft  as  low  as  the  centre  of  the  middle 
veflel.  Its  upper  orifice  is  clofed  by  a ground  ftopper  F.  When  this  apparatus  is 
to  be  ufed,  the  effervefcent  materials  are  put  into  the  lower  veflel,  the  middle  veflel 
is  filled  with  pure  water,  and  put  in  its  place;  and  the  upper  veflel  is  nearly  flopped, 
and  likewife  put  in  its  place.  The  confequence  is,  that  the  fixed  air  pafling  through 
the  valve  at  H,  afcends  into  the  upper  part  of  the  middle  veflel  B,  where  by  its  elaf- 
ticity  it  re-ads  on  the  water,  and  forces  part  up  the  tube  into  the  veflel  A ; part  of 
the  common  air,  in  this  laft,  being  comprefled,  and  the  reft  efcaping  by  the  ftopper, 
which  is  made  of  a conical  figure,  that  it  may  be  eafily  raifed.  As  more  fixed  air  is 
extricated,  more  water  rifes,  till  at  length  the  water  in  the  middle  veflel  falls  below 
the  lower  orifice  of  the  tube.  Fixed  air  then  pafles  through  the  tube  into  the  upper 
veflel,  and  expels  more  of  the  common  air  by  raifing  the  ftopper.  In  this  fituation 
the  water  in  both  veflels  being  in  contad  with  a body  of  fixed  air,  becomes  ftrongly 
impregnated  with  that  fluid,  after  a certain  time.  This  effed  may  be  haftened  by 
taking  off  the  middle  and  upper  veflels  together,  and  agitating  them. 

The  vajve  is  the  moft  defedive  part  of  this  apparatus ; for  the  capillary  tube  does 
not  admit  the  air  through,  unlefs  there  be  a confiderable  quantity  condenfed  in  the 
lower  veflel ; and  the  condenfation  has  in  fbme  inftances  burft  the  veflel. 

Modern  difcoveries  refpeding  bodies  in  the  aeriform  ftate  have  produced  feveral 
capital  improvements  in  the  veflels  ufed  for  diftillation.  It  was  common  with  the 
earlieft  chemifts  to  make  a fmall  hole  in  the  upper  part  of  their  retorts,  that  the  elaf- 
tic  vapours  might  efcape,  which  would  otherwife  have  burft  the  veflels.  By  this 
means  they  loft  a very  confiderable  part  of  their  produds.  Fig.  21  is  an  appara- 
tus of  veflels,  in  which  all  the  produds  may  be  examined.  A is  a matrafs  which 
communicates  with  the  receiver  B,  by  a tube  that  reaches  very  near  the  bottom  of  the 
latter.  The  upper  part  of  this  receiver  communicates  in  the  fame  manner  with  the 
feeond  receiver  C,  by  a tube  reaching  nearly  to  the  bottom  of  C.  In  like  manner 
C communicates  with  D,  and  from  L)  proceeds  a re-curved  tube,  which  may  be 
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inferred  beneath  an  inverted  veffel  of  water  or  mercury.  It  is  evident,  in  this  ap- 
paratus, that  whatever  volatile  matter  efcapes  from  the  veflel  A,  by  heat  or  other 
wife,  will  either  be  condenfed  in  B,  C,  or  D ; and  that  the  aerial  produdts  will  pafs 
through  the  whole  fet,  and  through  the  re-curved  tube,  into  the  inverted  veil'd. 
Thefe  receivers  may  be  more  or  lefs  numerous  according  to  circumftances,  and  the 
volatile  produ&s  may  be  condenfed  in,  or  made  to  pafs  through,  water,  oil,  or  any 
other  fluids,  placed  in  either  of  the  receivers.  The  tubes  may  be  either  fitted  in  with 
cork  and  cement,  or,  whjch  is  better  but  more  expenfive,  by  grinding.  Small  vef- 
fels  of  this  kind  form  a convenient  interruption  in  the  re- curved  tube,  palfing  from 
a bottle  containing  matters  that  give  out  air,  as  they  are  preferable  in  clofenefs  and 
neatnefs  to  a bladder. 

Fig.  22.  Exhibits  an  improvement  in  the  receiver  in  diflillationby  Mr.  Woulfe.  A is 
the  retort;  Ban  intermediate  veflel  called  an  adopter,  which  is  only  occafionally  ufed; 
C the  receiver,  having  two  necks,  one  at  D inferred  into  a bottle,  which  receives  the 
produces  which  are  ufually  condenfed  in  the  receivers,  and  the  other  at  E,  tranfmits 
the  more  volatile  or  aeriform  produdts  into  a bafon  G,  containing  water,  beneath 
the  furface  of  which  the  extremity  of  the  neck  E is  plunged.  It  is  obvious  that  this 
apparatus  is  more  particularly  ufeful  when  the  products  are  fuch  as  combine  with 
the  fluids  in  G,  and  would  otherwife  efcape  ; and  it  is  hardly  neceflfary  to  obferve, 
that  a bottle,  or  other  convenient  veflel,  may  be  fubftituted  inftead  of  the  bafon  G. 

It  often  happens  in  chemical  procefles,  from  the  irregularity  of  the  heat,  or  from 
other  circumftances,  that  the  condenfation  is  more  rapid,  in  proportion  to  the  fupply 
of  vapour,  at  fome  period  of  the  fame  operation  than  at  others.  Whenever  this 
takes  place,  the  elallicity  of  the  vapours  will  not  be  equal  to  the  external  preflfure  of 
the  air  ; and  if  any  orifice  of  the  veflels  which  are  in  other  refpedts  clofed  be 
plunged  in  water,  or  any  other  fluid,  this  laft  will  be  prefled  into  the  veflels.  The 
remedy  for  this  inconvenience  is,  to  plunge  the  neck  of  the  veflel  to  no  greater 
depth  in  the  water,  than  that  the  fall  of  the  water  in  the  receiving  veflel  may  leave 
the  orifice  open  for  the  admiflion  of  air,  before  the  water  has  rifen  high  enough 
above  the  orifice  to  reach  the  contents  of  the  veflels.  This  effeft  is  increafed  by 
making  the  neck  large,  in  proportion  to  the  diameter  of  the  veflel  which  contains 
the  water.  Thus,  if  the  neck  E be  made  large,  and  the  water  from  the  bafon  G 
fhould,  by  a rapid  condenfation  in  C,  be  forced  up  the  neck,  the  furface  of  the  wa- 
ter in  G will  fall  fo  much  as  to  leave  the  lower  orifice  of  E uncovered,  before  any 
confiderable  rife  can  take  place.  The  beft  remedy  againft  abforption,  in  fig.  21,  is 
to  infert  a fmall  tube  through  the  cork  of  the  firft  veflel  B,  to  reach  nearly  to  its  bot- 
tom. This  will  admit  the  outer  air  on  fuch  occafions,  and  prevent  the  contents  of  the 
exterior  bottles  from  being  driven  back  by  the  preflure  of  the  atmofphere.  This  ob- 
fervation  applies  to  all  chemical  veflels,  and  is  in  no  cafe  more  eflential  than  when  the 
neck  of  a Ample  retort  is  plunged  in  water  contained  in  a receiver.  See  Balance, 
Thermometer,  Heat,  Distillation. 

APPLES.  See  Acid  of  Apples. 

APYROUS.  Bodies  which  fuftain  the  adlion  of  a ftrong  heat  for  a confiderable 
time  without  change  of  figure  or  other  properties,  have  been  called  apyrous  : but 
the  word  is  feldom  ufed  in  the  art  of  chemiftryj  it  is  fynonimous  with  the  word  re- 
fradtory. 

AQUA  FORTIS.  This  name  is  given  to  a weak,  and  fomewhat  impure  ni- 
rous  acid,  commonly  ufed  ii\  the  arts.  It  is  ufually  contaminated  with  a fmall  quan- 
ttity  of  marine  acid.  The  artifts  who  ufe  nitrous,  acid  diftinguifh  the  common  and 
lefs  pure  acid  by  the  name  of  aqua  fords,  and  call  the  more  concentrated  acid,  fpirit 
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of  nitre.  This  diftinCtion  appears  to  be  of  fome  utility,  and  is  therefore  not  impro- 
perly retained  by  chemical  writers.  See  Acid,  nitrous. 

The  manufacturers  of  fope  in  France  and  elfewhere  call  their  lixivium  or  fope- 
lees  by  the  name  of  ftrong  water;  and  this  name  (eau  forte)being  confequently  ufed 
to -denote  the  cauftic  alkali  in  recipes  for  dying  and  other  proceffes,  has  given  rife 
to  feveral  miftakes. 

AQUA  MARINE,  or  AUG1TES.  A precious  {tone  of  a tranfparent  green, 
blue  colour,  fufible  by  the  blow-pipe ; it  is  nearly  the  fame  both  in  form  and  fpecific 
gravity  with  the  Peru  emerald,  and  the  chryfolite.  Its  fpecific  gravity  is  about 
2,72,  and  its  hardnefs  nearly  the  fame  as  that  of  quartz. 

AQUA  REGIA,  or  REGIS.  This  acid  is  compounded  of  a mixture  of  the 
nitrous  and  marine  acids,  the  bafes  of  which,  together  with  a certain  proportion  of 
vital  air  different  from  what  originally  exifted  in  the  two  acids,  become  combined  in 
a manner  which  has  not  been  clearly  explained.  When  one  or  two  parts  of  pale 
concentrated  nitrous  acid  are  mixed  with  four  of  marine  acid,  an  effervefcence  foon 
takes  place,  and  dephlogifticated  marine  acid  flies  off  in  the  elaftic  form,  at  the  fame 
time  that  the  mixture  becomes  of  a deep  red  colour : it  has  obtained  its  name  from 
its  property  of  diffolving  gold,  the  royal  metal  of  the  alchemifts,  which  is  not  percep- 
tibly aCted  upon  by  either  of  the  acids  which  compofeit. 

Aqua  regia  may  be  made  by  adding  to  nitrous  acid  any  alkaline  or  earthy  fait 
which  contains  the  marine  acid  ; for  the  affinity  of  the  nitrous  acid  to  the  bafe  being 
in  molt  cafes  ftronger  than  the  marine,  this  laft  is  fet  at  liberty,  and  confequently 
the  mixture,  if  the  fait  be  not  excefiive  in  quantity,  fo  as  to  engage  the  whole  of  the 
nitrous  acid,  will  contain  a certain  portion  of  both  acids  at  liberty.  An  aqua  regia 
will  therefore  be  produced,  which  is  not  effentially  impaired  with  refpeCt  to  com- 
mon ufes  by  the  portion  of  neutral  fait  fufpended  in  it.  It  is  ufual  to  make  aqua 
regia  by  diffolving  fal  ammoniac  in  about  four  times  its  weight  of  ftrong  nitrous 
acid  ; but  the  refults  of  experiments  muff  vary  confiderably  according  to  the  nature 
and  proportions  of  the  ingredients  made  ufe  of. 

The  opinions  and  inferences  of  chemical  writers  refpeCting  the  nature  of  this 
mixed  acid,  are  various.  After  the  difcovery  of  the  dephlogifticated  marine  acid, 
it  was  concluded  that  the  nitrous  acid  performs  the  fame  office  with  refpeCt  to  the 
marine  as  the  manganefe  does  that  is,  in  faCt,  that  it  either  deprives  the  marine 
acid  of  phlogifton,  or  affords  vital  air  to  combine  with  it,  or  anfvvers  both  thefe 
purpofes.  This  general  fuppofition  is  not  however  without  feveral  difficulties.  If 
the  marine  acid  be  enabled  to  calcine  and  diffolve  gold,  becaufe  it  has  been  dephlo- 
gifticated or  aerated  by  the  nitrous,  it  lhould  follow  much  more  ftrongly  that  the 
nitrous  acid  itfelffhould diffolve  that  metal;  whereas  in  faCt  it  does  not.  And  again, 
it  has  not  been  flievvn  how  this  dephlogifticated  acid,  which  is  fo  volatile  and  fo  fpa- 
ringly  foluble  in  water,  is  retained  in  the  folution  ; not  to  mention  that  no  compo- 
nent part  of  the  nitrous  acid  is  found  to  efcape  during  the  effervefcence,  except  the 
vital  air  which  enters  into  the  compofition  of  the  gas  which  flies  off.  When  the 
two  acids  are  in  due  proportion,  aqua  regia  muft  therefore  confift  of  marine  acid  and 
nitrous  acid,  which  has  an  under- proportion  of  vital  air,  or  is  in  the  moft  fuming 
ftate  ; or,  in  other  words,  it  contains  the  two  bafes  of  the  acids,  together  with  a lei's 
proportion  of  vital  air  than  they  poffefled  before  mixture.  But  whether  thefe  prin- 
ciples combine,  and  form  a compound  acid,  or  in  what  other  order  they  may  be 
arranged,  has  not  been  experimentally  determined,  though  the  writings  of  chemifts 
abound  with  conjectures  upon  this  fubjeCt. 

The  combinations  of  earths  and  alkalis,  and  even  of  metals,  with  aqua  regia  have 
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not  been  well  examined.  It  is  not  known  whether  two  different  kinds  of  falts  are 
formed  apart  from  each  other,  or  whether  a triple  combination  takes  place,  confift- 
ing  of  two  acids  united  to  one  bafe.  It  appears,  however,  that  in  fome  cafes 
the  refult  is  one  entire  compound,  and  in  others  two  feparate  ones.  See  Gold, 
Platina,  and  the  other  metals. 

AQUA  SECUNDA.  This  name  is  fometimes  given  to  an  exceedingly  diluted 
aqua  fords,  ufed  in  the  arts  for  cleaning  the  furface  of  metals,  and  fome  other 
bodies. 

AQUA  VITiE.  Ardent  fpirit  of  the  fir  ft  diftillation  has  been  diflinguifhed  in 
commerce  by  this  name.  The  diftillers  of  malt  and  molaffes  fpirits  call  it  low 
wines. 

AQUILA  ALBA.  One  of  the  names  given  to  the  combination  of  marine  acid 
and  mercury  in  that  ftate  which  is  more  commonly  known  by  the  denomination  of 
mercurius  dulcis,  or,  lefs  properly,  calomel. 

ARABIC,  GUM.  This  is  reckoned  the  pureft  of  gums,  and  does  not  greatly 
differ  from  gum  Senegal,  vulgarly  called  gum  feneca,  which  is  fuppofed  to  be  the 
ftrongeft,  and  is  on  that  account,  as  well  as  its  greater  plenty  and  cheapnefs,  moftly 
ufed  by  callico  printers  and  other  manufacturers.  The  gums  of  the  plum  and  the 
cherry  tree  have  nearly  the  fame  qualities  as  gum  arabic.  All  thefe  fubftances  faci- 
litate the  mixture  of  oils  with  water,  and  they  are  faid  to  fuffer  a decompofi tion,  or 
confiderable  change,  by  freezing,  but  of  what  nature  has  not  been  clearly  ex- 
plained. 

ARABLE  LANDS.  It  is  a problem  in  chemiftry,  and  by  no  means  one  of  the 
lead  importance  to  fociety,  to  determine  what  are  the  requifites  which  diftinguifh 
fruitful  lands  from  fuch  as  are  lefs  productive.  Since  vegetable  fubftances  evidently 
imbibe  from  the  earth  and  furrounding  atmofphere,  the  principles  of  oils,  muci- 
lages, and  other  peculiar  products  only  found  in  organized  fubftances,  it  can  fcarcely 
be  doubted  but  that  manure,  or  the  remains  of  other  decayed  organized  fubftances, 
renders  lands  fruitful,  by  fupplying  thefe  materials  ready  formed.  It  may  happen, 
however,  that  the  putrefactive  procefs  in  a confiderable  quantity  of  manure  may  be 
fo  effective  as  to  overcome  the  vital  powers,  or  deftroy  the  organization  of  the  plant ; 
and  on  this  account  an  excefs  of  manure  muft  be  hurtful.  In  thofe  cafes  wherein  vege- 
tation is  performed  without  the  prefence  of  any  thing  which  may  be  called  manure,  it 
feems  proper,  as  far  as  the  few  and  imperfeCt  lights  of  chemiftry  can  ferve  to  direCt 
us,  to  afcribe  the  growing  or  augmentation  of  vegetables  to  the  decompofition  of  wa- 
ter or  the  air  of  the  atmofphere,  rather  than  to  any  confiderable  addition  of  earthy 
particles ; more  efpecially,  as  it  appears,  from  good  experiments,  that  the  earth  in 
which  vegetables  grow  fuffers  very  little  lofs  of  its  weight  in  confequence  of  their 
increafe.  From  the  indifpenfable  neceffity  of  water  in  vegetation,  it  appears  that 
this  fluid  either  fupplies  the  greateft  part  of  the  mafs  of  vegetables,  or  is  at  leaft  the 
vehicle  or  medium  by  which  aerial  fluids  are  condenfed  and  conveyed  into  the  ve- 
getable fubftance;  which  leads  to  a conclufion,  that,  generally  fpeaking,  thofe  earths 
which  are  the  beft  adapted  to  imbibe  and  retain  water,  and  at  the  fame  time  admit 
theaccefs  of  air,  are  moft  fruitful.  Sand  or  fmall  particles  of  filiceous  earth  are  evi- 
dently the  leaft  adapted  to  this  purpofe.  Clays  of  confiderable  purity  will  be  too 
ftiff,  impenetrable,  and  adhefive.  Chalky  or  calcareous  foils  are  not  only  hard  and 
permanent,  fo  as  to  be  with  confiderable  difficulty  penetrated  by  the  roots  of  vege- 
tables, but  are  little  adapted  either  to  imbibe  more  water  than  they  naturally  pofl'efs, 
or  to  part  with  that  they  already  have.  Little  need  be  faid  of  the  ponderous  and 
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magnefian  earths,  as  they  do  not  enter  in  any  notable  proportion  as  ingredients  in 
Toils. 

If  we  might  therefore  overlook  the  prefence  of  faline  and  combudible  matter, 
which,  are  indeed  neceffary  to  fertility,  and  the  latter  of  which  is  the  caufe  of  the 
dark  colour  of  mould,  our  attention  would  be  naturally  directed  to  a mixture  of  the 
filiceous,  calcareous,  and  argillaceous  earths,  that  is  to  fay,  of  fand,  chalk  or  lime, 
and  clay.  The  firfl  being  totally  infoluble  in  water,  can  fcarcely  be  expe&ed  to  an- 
fwer  any  other  purpofe  than  that  of  mechanically  feparating  the  parts  of  the  mafs,  or 
at  lead  of  rendering  them  more  eafily  feparable  by  froft  and  other  atmofpherical 
changes.  The  calcareous  and  argillaceous  earths  form  the  competition  didinguiflied 
by  the  name  of  marie,  and  this  will  vary  in  its  properties  according  to  the  nature  of 
its  compofition ; the  friability  and  folubility  of  the  lime  in  water  ferving  greatly  to 
correct  the  bad  effedls  of  the  mere  clay,  while  this  on  the  other  hand  produces  a 
change  of  equal  advantage  in  the  chalk  or  lime.  It  may  eafily  be  apprehended  that 
the  prefence  of  vitriolic  acid  or  other  acidifiable  fubdances,  together  with  the  accefs 
of  air,  cannot  but  produce  changes  by  combination  with  thefe  two  earths,  which  will 
be  dill  more  confiderable,  and  cannot  indeed  be  followed  by  any  conjectural  rea- 
foning,  though  the  little  we  know  of  the  fubjedt  fufficiently  evinces  the  great  utility 
of  experiments  in  this  department  of  chemical  enquiry. 

ARBOR  DIANiE.  All  bodies  whatever,  in  their  tranfition  from  the  fluid  to 
the  folid  date,  are  difpofed  to  arrange  themfelves  in  peculiar  fymmetrical  figures. 
See  Crystallization.  When  one  body  is  precipitated  from  its  folvent  by  the 
addition  of  another,  the  tranfition  to  folidity  is  ufually  fo  quick  that  the  parts  have 
not  time  to  arrange  themfelves,  excepting  in  fuch  minute  maffes  as  conditute  the 
pulverulent  form.  When  filver  is  diflolved  in  nitrous  acid,  and  mercury  is  added, 
the  elective  attraction  between  the  mercury  and  the  acid  aCts  with  fuch  a degree  of 
flownefs,  that  the  filver  in  certain  cafes  is  feparated  in  the  form  of  a tree  or  fhrub, 
which  the  earlier  chemids  in  their  ufual  fanciful  way  called  the  tree  of  Diana.  In 
this,  as  in  all  precipitations,  there  are  a variety  of  concomitant  circumdances  which 
influence  the  peculiar  form,  and,  for  this  reafon,  one  procefs  ufually  fucceeds  better 
than  another.  Lemery  directs,  that  an  ounce  of  fine  filver  be  diflolved  in  a fuffi- 
cient  quantity  of  pure  and  moderately  drong  nitrous  acid.  This  folution  mud  then 
be  mixed  in  a matrafs  with  about  twenty  ounces  of  diddled  water;  and  lafily,  two 
ounces  of  mercury  are  to  be  added  to  the  mixture,  after  which  the  whole  mud  be 
differed  to  remain  at  red.  During  a fpace  of  about  forty  days,  a kind  of  tree  of 
filver  will  be  formed  on  the  furfaceof  the  mercury,  with  branches  greatly  refembling 
a vegetable  fubdance  in  its  ramifications.  Macquer  affirms  that  this  procefs  fuc- 
ceeds very  well,  but  the  following  of  Homberg  is  much  fhorter. 

Make  an  amalgam  without  heat,  of  four  drams  of  leaf  filver,  with  two  drams  of 
mercury.  Diffolve  this  amalgam  in  four  ounces,  or  a fufficient  quantity  of  pure 
nitrous  acid  of  a moderate  drength  ; dilute  this  folution  in  about  a pound  and  a half 
of  diddled  water,  agitate  the  mixture,  and  preferve  it  for  life  in  a glafs  bottle  with  a 
ground  Aopper.  When  this  preparation  is  to  be  ufed,  the  quantity  of  one  ounce  is 
put  into  a phial,  and  the  fize  of  a pea  of  an  amalgam  of  gold  or  filver,  as  foft  as  but- 
ter, is  to  be  added  ; after  which  the  veffel  mud  be  left  at  red : foon  afterwards, 
fmall  filaments  appear  to  iffue  out  of  the  ball  of  amalgam,  which  quickly  increafe, 
and  fhoc-t  out  branches  in  the  form  of  fhrubs. 

In  the  above  experiment  of  Lemery,  the  nitrous  acid  depofits  its  filver,  at  the  fame 
time  that  it  takes  up  mercury  ; and,  in  confequence  of  the  liquor  being  fo  much  di- 
luted, the  procefs  goes  on  flowly,  and  the  precipitated  filver  has  time  to  arrange  itfelf 
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according  to  the  laws  of  its  cryftallization,  whether  that  depend  on  the  polarity  of 
its  particles,  or  on  any  other  property  not  yet  explained.  In  the  procefs  of  Hom- 
berg,  there  are  two  circumftances  which  appear  calculated  to  forward  the  procefs  : 
in  the  firii  place,  the  nitrous  acid  already  contains  mercury  in  folution,  which  may 
probably  render  it  more  difpofed  to  part  with  the  filver  ; and  in  the  next  place,  the 
mercury  is  combined  with  filver  or  gold  in  the  form  of  an  amalgam.  Thefe  may, 
perhaps,  facilitate  the  precipitation  of  the  filver,  by  prefenting  a bafe  for  it  to  com- 
bine with,  which  may  be  more  perfedily  at  repofe,  becaufe  lefs  agitable  than  the 
fluid  mercury  in  the  former  experiment.  After  all,  however,  though  the  general 
theory  of  the  experiment  is  not  difficult,  yet  it  does  not  feem  eafy  to  point  out  the 
effedtual  caufe  of  the  differences  between  the  two  refults. 

ARCANUM  CORALLINUM.  This  name  has  been  given  to  red  precipitate, 
on  which  fpirit  of  wine  has  been  two  or  three  times  burnt,  with  an  intention  of  ren- 
dering it  milder.  See  Precipitate,  red,  or  the  article  Mercury. 

ARCANUM  DUPLICATUM.  A name  formerly  given  to  the  combination 
of  vegetable  alkali  and  vitriolic  acid,  and  moft  commonly  called  vitriolated 
tartar. 

ARCHIL,  ARCHILLA,  ROCELLA,  ORSEILLE.  A whitifli  mofs  growing 
upon  rocks  in  the  Canary  and  Cape  Verd  iflands,  which  yields  a rich  purple  tindture, 
fugitive  indeed,  but  extremely  beautiful.  This  weed  is  imported  to  us  as  it  is  ga- 
thered : thofe  who  prepare  it  for  the  ufe  of  the  dyer,  grind  it  betwixt  ftones,  fo  as 
to  thoroughly  bruife,  but  not  to  reduce  it  into  powder,  and  then  moiften  it  occa- 
fionally  with  a ftrong  fpirit  of  urine,  or  urine  itfelf  mixed  with  quicklime  : in  a few 
days  it  acquires  a purplifh  red,  and  at  length  a blue  colour ; in  the  firft  fate  it  is 
called  archil,  in  the  latter,  lacmusor  litmus. 

The  dyers  rarely  employ  this  drug  by  itfelf,  on  account  of  its  dearnefs  and  the  pe* 
rifhablenefs  of  its  beauty.  The  chief  ufe  they  make  of  it  is  for  giving  a bloom  to 
other  colours,  as  pinks,  &c.  This  is  effedted  by  palling  the  dyed  cloth  or  filk 
through  hot  water  lightly  impregnated  with  the  archil.  The  bloom  thus  communi- 
cated foon  decays  upon  expofure  to  the  air.  Mr.  Hellot  informs  us,  that  by  the 
addition  of  a little  folution  of  tin,  this  drug  gives  a durable  dye  ; that  its  colour  is  at 
the  fame  time  changed  towards  a fcarlet,  and  that  it  is  the  more  permanent,  in  pro- 
portion as  it  recedes  the  more  from  its  natural  colour. 

Prepared  archil  very  readily  gives  out  its  colour  to  water,  to  volatile  fpirits,  and 
to  fpirit  of  wine ; it  is  the  fubftance  principally  made  ufe  of  for  colouring  the  fpirits 
of  thermometers.  As  expofure  to  the  air  deftroys  its  colour  upon  cloth,  the  exclu- 
fion  of  the  air  produces  a like  effedt  in  thofe  hermetically  fealed  tubes,  the  fpirits 
of  large  thermometers  becoming  in  the  compafs  of  a few  years  colourlefs.  M. 
l’Abbe  Nollet  obferves  (in  the  French  Memoirs  for  the  year  1 742),  that  the  colour- 
lefs fpirit,  upon  breaking  the  tube,  foon  refumes  its  colour,  and  this  for  a number  of 
times  fucceffively  ; that  a watery  tindlure  of  archil,  included  in  the  tubes  of  thermo- 
meters, loft  its  colour  in  three  days ; and  that  in  an  open  deep  veflel,  it  became 
colourlefs  at  the  bottom,  while  the  upper  part  retained  its  colour. 

A folution  of  archil,  in  water,  applied  on  cold  marble,  ftains  it  of  a beautiful  vio- 
let or  purplifh  blue  colour,  far  more  durable  than  the  colour  which  it  communicates 
to  other  bodies.  M.  Du  Fay  fays,  he  has  feen  pieces  of  marble  ftained  with  it,  which 
in  two  years  had  differed  no  fenfible  change.  It  finks  deep  into  the  marble,  fome- 
times  above  an  inch,  and  at  the  fame  time  fpreads  upon  the  furface,  unlefs  the  edges 
be  bounded  by  wax  or  other  like  fubftances.  It  feems  to  make  the  marble  fome- 
what  more  brittle. 
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Linnasus  informs  us,  in  the  Swedifh  Tranfadtions  for  the  year  1742,  that  the  true 
archil  mofs  is  to  be  found  on  the  weftern  coafts  of*England  ; and  fufpe&s  that  there 
are  feveral  other  more  common  moffes,  from  which  valuable  colours  might  be  ex- 
tracted. A quantity  of  fea  mofs  having  rotted  in  heaps  upon  the  fhore,  he  obferved 
the  liquor  in  the  heaps  to  look  like  blood ; the  fea  water,  and  the  fun,  and  the  putre- 
faction having  brought  out' the  colour.  M.  Kalm,  in  an  Appendix  to  Linnams’s 
Paper  in  the  year  1745,  mentions  two  forts  of  moffes  actually  employed  in  fome 
parts  of  Sweden  for  dying  woollen  red  : one  is  the  lichenoides  coralliforme  apicibus 
coccineis  of  Ray’s  Synopfis  ; the  other,  the  lichenoides  tartareum,  farinaceum, 
fcutellarum  umbone  fufco  of  Dillenius.  This  laft  is  a white  fubftance,  like  meal 
clotted  together,  found  on  the  fides  and  tops  of  hills.  It  is  fhaved  off  from  the  rocks 
after  rain,  purified  from  the  ftony  matters  intermixed  among  it,  by  wafhing  with  water  ; 
then  dried  in  the  fun,  ground  in  mills,  and  again  wafhed  and  dried  : it  is  then  put 
into  a veffel  with  urine,  and  fet  by  for  a month.  A little  of  this  tincture  added  to 
boiling  water  makes  the  dying  liquor. — In  the  fame  Tranfadtions,  for  the  year  1 ■ ;q, 
there  is  an  account  of  another  mofs,  which,  prepared  with  urine,  gives  a beautiful  and 
durable  red  or  violet  dye  to  wool  and  filk.  This  is  the  lichen  foliaceus,  umbilicatus 
fubtus  lacunefus  Linn.  Flor.  Suec.  It  grows  upon  rocks,  and  is  readily  diftinguifhed 
from  others  of  that  clafs,  by  its  looking  as  if  burnt  or  parched,  confifting  of  leaves  as 
thin  as  paper,  convex  all  over  on  the  upper  fide,  with  correfponding  cavities  under- 
neath; adhering  firmly  to  the  ftones  by  a little  root  under  the  leaves,  and  coming 
afunder,  when  dry,  as  foon  as  touched.  It  is  gathered  after  rain,  as  it  then  holds 
beft  together,  and  parts  eafiefl  from  the  flone. 

In  France,  a cruftaceous  mofs,  growing  upon  rocks  in  Auvergne,  is  prepared  with 
lime  and  urine,  and  employed  by  die  dyers  as  a fuccedaneum  to  the  Canary  archil,  to 
which  it  is  faid  to  be  very  little  inferior  : it  is  called  Orfeille  d’ Auvergne,  or  Perelle. 
Mr.  Hellot  relates,  that  he  has  met  with  feveral  other  moffes,  which,  on  being  prepared 
in  the  fame  manner,  acquire  the  fame  colour.  The  moft  expeditious  way,  he  fays, 
of  trying  whether  any  mofs  will  yield  an  archil  or  not,  is,  to  moiften  a little  of  it 
with  a mixture  of  equal  parts  of  fpirit  of  fal  ammoniac  and  flrong  lime-water,  and 
add  a fmall  proportion  of  crude  fal  ammoniac.  The  glafs  is  then  to  be  tied  over  with 
a piece  of  bladder,  and  fet  by  for  three  or  four  days.  If  the  mofs  is  of  the  proper 
kind,  the  little  liquor  which  runs  from  it  upon  inclining  the  veffel,  will  appear 
of  a deep  crimfon  colour  ; and  this  afterwards  evaporating,  the  plant  itfelf  acquires 
the  fame  colour. 

Lewis*,  from  whom  this  article  is  taken,  tried  a good  number  of  the  common 
moffes,  both  of  the  cruftaceous  and  foliaceous  kind,  and  not  a few  of  the  fungi ; 
as  alfo  the  herbs  chamomile  and  milfoil,  which  yield  a blue  effential  oil ; and  thyme, 
whofe  oil  becomes  blue  by  digeftion  with  volatile  fpirits ; but  have  not  as  yet  met 
with  any  that  yielded  a colour  like  archil.  Moft  of  them  gave  a yellow  or  reddifh 
brown  tin&ure  ; and  if  there  was  a fcarcity  of  other  drugs  for  thefe  kinds  of  dyes, 
iome  of  the  moffes  might  be  made  to  afford  not  inelegant  ones.  A few  gave  a deep 
red  colour  to  the  liquor;  but  when  diluted  it  fhewed  a yellowifh  call,  and  when  ap- 
plied on  cloth  it  gave  only  a yellowifh  red. 

ARDENT  SPIRIT.  See  Spirit,  ardent,  or  of  Wine. 

ARGILLACEOUS  EARTH.  See  Earths. 

ARMENUS  LAPIS.  Armenian  Stone.  This  is  a foft  blue  ftone,  which 
does  not  admit  of  a polifli,  and  confifts  of  calcareous  earth,  or  gypfum,  penetra- 

*-On  Neumann, 1 1.  24.1. 
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ting  with  the  blue  calx  of  copper.  Hence  it  fometimes  effervefces  with  acids,  and 
fometimes  not.  It  is  too  foft  to  give  fire  with  fteel,  and  lofes  its  colour  when  heated. 

AROMA.  The  principle  of  fmell  in  vegetables. 

AROMATICS.  Plants  which  poffefs  a peculiar  and  remarkable  fmell  are  called  aro- 
matics. The  principle  of  fmell,  or  that  upon  which  this  property  depends,  was  called 
Spiritus  Reftor  by  Boerhaave,  and  is  by  fomechemifls  called  Aroma.  We  poffefs  little 
more  than  conjectures  refpeCting  this  fubftance,  which  at  all  events  appears  to  be  of 
extreme  fubtilty.  When  plants  are  diftilled  by  a gentle  heat  upon  a water-bath,  the 
principle  of  fmell  comes  over,  united  either  with  the  water  or  with  the  effential  oil,  of 
either  of  which  it  appears  to  compcfe  an  extremely  fmall  part.  Some  plants. may  be 
diftilled  with  ardent  fpirit  to  advantage,  their  fragrance  uniting  with  this  menftruum. 

From  thefe  and  other  circumftances,  the  aromatic  principle  has  been  fuppofed  to 
confift  of  faline,  oleaginous,  orfpirituous  matter;  and  fome  have  conjectured  it  to  be  a 
peculiar  aeriform  fluid,  or  gas,  of  very  fparing  folubility  in  the  feveral  fluids  that  com- 
bine with  it.  On  this  occafion  we  can  only  obferve,  that,  notwithftanding  the  rational 
proceeding  of  reafoning  from  the  fads  we  know  to  thofe  which  ftill  remain  to  be  in- 
veftigated,  yet  there  are  many  experiments  which  muft  be  made  before  we  can  pretend 
to  fpeak  with  accuracy  upon  this  fubjeCt. 

ARRACK.  A fpirituous  liquor  imported  from  the  Eaft  Indies.  It  is  chiefly 
manufactured  at  Batavia,  and  at  Goa  upon  the  Malabar  coaft.  There  are  various  ac- 
counts of  the  proceffes  and  materials  ufed  in  making  it ; and  the  difagreement  of  thefe 
accounts  feems  to  arife  from  the  general  appellation  of  Arrack  being  given,  in  the  Eaft: 
Indies,  to  every  kind  of  fpirituous  liquor;  and  alfo  from  the  difpofition  which  the 
Dutch  fo  eminently  poffefs  of  endeavouring  to  keep  their  manufacturing  proceffes  to 
themfelves.  It  is  certain  that  the  flavours  of  the  feveral  kinds  of  arrack  differ  as 
much  from  each  other,  as  thofe  of  brandy,  rum,  corn  fpirits,  or  any  other  of  the  fpi- 
rituous liquors  of  Europe.  The  materials  from  which  ardent  fpirit  is  diftilled  in  the 
Eaft  Indies,  are  rice,  melaffes,  and  toddy,  or  the  juice  of  the  cocoa-nut  tree.  The 
Chinefe  diftil  a fpirit  from  rice,  which  they  diftinguifh  by  the  name  of  Sam-fhu,  and 
of  which  confiderable  quantities  are  exported  to  Batavia,  for  the  purrpofe,  as  it  is  faid, 

• of  being  converted  into  arrack  by  a fecond  diftillation ; though  perhaps  it  may  be  con- 
fumed  among  the  numerous  Chinefe  who  inhabit  that  city.  The  common  Batavia 
arrack  appears  to  be  diftilled  from  a mixture  of  the  wort  or  infufion  of  rice  and  the 
toddy,  after  both  have  paffed  through  the  vinous  procefs.  And  to  thefe,  according  to 
circumftances,  it  feems  they  add  other  ingredients,  particularly  fpices. 

Of  European  fpirits  the  common  malt  fpirit  before  rectification  refembles  arrack 
the  moft.  Arrack  is  reckoned  lefs  intoxicating  than  rum  or  brandy  ; but  this  dif- 
ference arifes  from  its  being  very  feldom  of  equal  ftrength.  Of  five  fpecimens  pro- 
cured from  different  channels,  I found  the  fpecific  gravity  between  965  and  967, 
water  being  1 000  ; whence  it  follows  that  proof  fpirit  lowered  with  about  ± of  its 
bulk  of  water,  would  have  been  of  the  fame  ftrength  as  this  arrack. 

ARSENIC  in  the  metallic  ftate,  or  the  regulus  of  arfenic,  is  of  a bright  yellowifli 
white  colour,  fubjeCt  to  tarnifh  and  grow  black  by  expofure  to  air.  It  is  brittle, 
and  when  broken  exhibits  a laminated  texture.  In  clofe  veffels  it  fublimes  entire  j 
but  burns  with  a fmall  flame,  if  refpirable  air  be  prefent. 

The  arfenic  met  with  in  commerce  has  the  form  of  white  calx.  It  is  brought  chiefly 
from  the  cobalt  works  in  Saxony,  where  zaffre  is  made.  Cobalt  ores  contain  much 
arfenic,  which  is  driven  off  by  long  torrefaCtion.  The  ore  is  thrown  into  a furnace 
refembling  a baker’s  oven,  with  a flue,  or  horizontal  chimney,  nearly  two  hun- 
dred yards  long,  into  which  the  fumes  pafs,  and  are  condenfed  into  a greyilh  or 
blackilh  powder.  This  is  refined  by  a fecond  fublimation  in  clofe  veffels,  with  a 
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little  potafh,  to  detain  the  impurities.  As  the  heat  is  confiderable,  it  melts  the  fub~ 
limed  flowers  into  thofe  cryftalline  mafles  which  are  met  with  in  commerce. 

The  calx  of  arfenic  is  fo  far  in  the  faline  ftate,  as  to  be  foluble  in  about  eighty- 
times  its  weight  of  water,  at  the  temperature  of  6o°,  or  in  fifteen  times  its  weight 
of  boiling  water. 

The  regulus  may  be  obtained  from  this  calx,  either  by  quickly  fufing  it  together 
with  twice  its  weight  of  foft  foap  and  an  equal  quantity  of  alkali,  and  pouring  it  out, 
when  fufed,  into  an  hot  iron  cone ; or  by  mixing  it  in  powder  with  oil,  and  expofing 
it  in  a mattrafs  to  a fand  heat.  This  procefs  is  too  offenfive  to  be  made  but  in  the  open 
air,  or  where  a current  of  air  carries  off’  the  fumes.  The  decompofed  oil  firft  rifes ; 
and  the  regulus  is  afterwards  fublimed,  in  the  form  of  a flaky  metallic  fubftance. 

Vitriolic  acid  does  not  attack  the  regulus  of  arfenic,  nor  its  calx,  when  cold ; but, 
if  it  be  boiled  upon  this  femi-metal,  vitriolic  acid  air  is  emitted,  a fmall  quantity  of 
-fulphur  fublimes,  and  the  arfenic  is  reduced  to  the  calciform  ftate.  Boiling  vitriolic 
acid  diffolves  the  calx  of  arfenic ; but  fcarcely  retains  any  portion  of  it  when  cold. 
The  calx  of  arfenic  is  confiderably  lefs  volatile  when  vitriolic  acid  is  prefent  or 
mixed  with  it;  but  it  is  faid  that  wafliing  deprives  it  of  the  acid,  and  reftores  its 
properties. 

Nitrous  acid  readily  attacks  and  calcines  the  regulus  of  arfenic  : it  likewife  dif- 
folves the  calx  of  this  femi-metal,  in  confiderable  quantities,  by  the  afliftance  of  heat; 
and  affords  a cryftallized  deliquefcent  fait  by  evaporation,  which  does  not  detonate 
on  red-hot  coals.  The  calx  of  arfenic  is  acidified  by  the  adtion  of  .nitrous  acid  dis- 
tilled from  it. 

Boiling  marine  acid  diffolves  the  regulus,  and  alfo  the  calx,  of  arfenic ; but  affefts 
it  very  little  when  cold.  This  folution  affords  precipitates  upon  the  addition  of 
alkalis. 

The  dephlogifticated  or  aerated  marine  acid  converts  the  calx  of  arfenic  into 
arfenical  acid. 

The  calx  of  arfenic  adls,  in  many  inftanc.es,  like  an  acid.  It  decompofes  nitre  by 
diftillation ; the  nitrous  acid  flying  off,  and  the  arfenical  fait  of  Macquer  remaining 
behind.  In  this  procefs,  the  nitrous  acid  appears  to  acidify  the  calx.  Quadrangu- 
lar nitre  is  affedted  in  the  fame  manner.  When  the  white  calx  of  arfenic  is  diftilled- 
"with  fulphur,  volatile  vitriolic  acid  flies  off,  and  a combination  of  a yellow  colour, 
called  Orpiment,  is  produced;  which  appears  to  confift  of  fulphur  united  to  regu- 
lus of  arfenic : that  is  to  fay,  part  of  the  fulphur  receives  vital  air  from  the  calx  ; to 
which,  according  to  the  ancient  fyftem,  it  communicates  phlogifton ; and  in  this 
manner  the  fulphur  becomes  converted  into  vitriolic  acid,  while  the  arfenical  calx  is 
Teduced,  and  combines  with  the  reft  of  the  fulphur.  The  combination  of  fulphur 
and  arfenic  which  has  been  fufed  is  of  a red  colour,  and  known  by  the  name  of 
Realgal,  or  Realgar.  Realgar  appears  to  be  lefs  volatile  than  orpiment,  or  the  yellow 
combination ; for  it  remains  at  the  bottom  while  the  other  fublimes  : but  in  what 
refpedt  they  differ  from  each  other  has  not  been  well  afcertained.  It  is  not  im- 
probable but  that  the  orpiment  may  contain  the  calx  in  a more  reduced  ftate  than 
the  realgar. 

Saline  liver  cf  filver  diffolves  the  calx  of  arfenic,  but  more  readily  attacks  the 
regulus. 

Watery  folutions  of  fixed  alkalis  diffolve  the  calx  of  arfenic ; and  if  they  be  loaded 
with  it,  by  means  of  heat,  a brown  tenacious  mafs  is  produced,  which  acquires  folidity, 
has  a difagreeable  fmell,-  and  is  called  Hepar  of  Arfenic.  Mineral  acids  precipitate 
part  of  the  arfenic ; but  a portion  of  it  being  acidified,  adheres  more  tenacioufly 
to  die  alkali.  The  acids  occafion  no  precipitation  from  the  folution  of  arfenic  in  the 
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volatile  alkali.  It  is  not  eafy  to  explain  what  happens  in  this  cafe  without  further 
experiments.  The  foliations  of  calx  of  arfenic  in  alkalis  differ  much  in  their  proper- 
ties from  the  combination  which  is  produced  when  the  nitrous  falts  are  decompofed 
by  its  means.  This  difference  is  accounted  for  from  the  confederation  that  it  is  calx 
of  arfcnicin  the  fird  cafe,  and  the  acid  in  the  latter,  which  combines  with  the  alkalis. 

A folution  of  the  calx  of  arfenic  ads  upon  metals  in  the  humid  way,  mod  proba- 
bly in  confequence  of  its  approach  to  the  acid  ftate. 

Regulus  of  arfenic  is  foluble  in  unduous  oil  in  a boiling  heat : the  folution  is 
black,  and  has  the  confidence  of  falve  cold.  Mod  metals  unite  with  arfenic ; which 
mod  probably  exids  in  the  reguline  date  in  fuch  as  poffefs  the  metallic  brilliancy. 
The  calx,  more  or  lefs  acidified,  is  common  in  many  minerals. 

Arfenic  is  ufed  in  a variety  of  arts.  It  enters  into  metallic  combinations  wherein  a 
white  colour  is  required.  Glafs  manufadurers  ufe  it ; but  its  effed  in  the  compo,- 
fition  of  glafs  does  not  feem  to  be  clearly  explained.  Orpiment  and  realgar  are  ufed 
as  pigments.  Some  attempts  have  been  made  to  introduce  it  into  medicine;  but,  as 
it  is  known  to  be  a mod  violent  poifon,  it  is  probable  that  the  fear  of  its  bad  effeds 
may  long  deprive  fociety  of  the  advantages  it  might  afford  in  this  way.  See  Acid  of 
Arsenic. 

ARU  M.  The  common  Arum,  or  Wakerobin,  is  a plant  of  extreme  acri- 
mony: the  frefh  root,  flightly  chewed,  feems  to  burn  and  corrode  the  tongue; 
and  oftentimes  its  pungent  impreffion  continues  for  two  or  three  days.  The  feat  of 
this  acrimony  has  hitherto  eluded  our  enquiries  : the  diddled  water  and  fpirit  have 
nothing  of  it,  and  the  watery  and  fpirituous  extrads  exceedingly  little;  and  yet  the 
root  is  by  thefe  operations  deprived  of  k. 

Greated  part  of  the  acrimony  is  dedroyed  by  fimple  exficcation the  dry  root 
appears  white  and  farinaceous,  and  affeds  the  tongue  but  little.  In  this  date  it  is 
given  medicinally  for  attenuating  vifcid  juices  : formerly  it  was  ufed  as  darch  for 
linen,  before  the  difcovery  of  that  from  wheat ; and  it  is  faid  to  have  occa-r 
fioned  a rawnefs  and  forenefs  of  the  hands  very  difficultly  relievable  by  ointments,. 
In  Ibme  parts  of  France  it  is  dill  employed  in  bleaching;  being  fuppofed  by  its 
corrofive  quality  to  didblve  unduofities,  and  make  the  linen  white. 

From  an  ounce  of  the  dry  root  Neumann  obtained  fcarcely  a fcruple  of  fpirituous 
extrad  : the  fame  quantity  yielded  of  watery  extrad  near  three  drams.  The  fird 
had  fome  flight  pungency ; the  latter  none.. 

ASAFCETIDA  is  obtained  from  a large  umbelliferous  plant  growing  in  Perfia.  The- 
root  refembles  a large  parfhep  externally,  of  a black  colour:  on  cutting  it  tranlverfely,, 
the  afafcetida  exudes  in  form  of  a white  thick  juice,  like  cream  ; which,  from  expofure 
to  the  air,  becomes  yellower  and  yellower,  and  at  lad  of  a dark  brown  colour.  It  is 
very  apt  to  run  into  putrefadion  ; and  hence  thofe  who  Colled  it,  carefully  defend  it 
from  the  fun.  The  frefh  juice  has  an  exceffively  drong  fmell,  which  grows  weaker, 
and  weaker  upon  keeping:  afingle  dram  of  the  frefh  duid  juice  fmells  more  than  a 
hundred  pounds  of  the  dry  afafoetida  brought  to  us.  The  Perfians  are  commonly 
obliged  to  hire  drips  on  purpofe  for  its  carriage,  as  fcarcely  any  one  will  receive  it 
along  with  other  commodities,  its  dench  infeding  every  thing  that  comes  near  it. 

The  common  afafcetida  of  the  drops  is  of  a yellowiflh  or  brownidr  colour,  undu- 
ous and  tough,  of  an  acrid  or  biting  tade,  and  a drong  difagreeable  fmell,  refembling 
that  of  garlic.  From  four  ounces  Neumann  obtained,  by  redified  fpirit,  two  ounces 
fix  drams  and  a half  of  refinous  extrad ; and  afterwards,  by  water,  three  drams  half  a 
fcruple  of  gummy  extrad;  about  fix  drains  and  a fcruple  of  earthy  matter  remaining 
undiiTolved.  On  applying  water  at  fird,  he  gained,  from  four  ounces,  one  ounce 
three  fcruples  and  a half  of  gummy  extrad.  The  fame  quantity  yielded,  with  drong 
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French  wine,  two  ounces  and  a half  and  fifteen  grains ; from  which  about  one 
fifth  may  be  dedufted,  for  the  folid  matter  contained  in  the  wine.  Schroder  fays 
that  afafoetida  may  be  difiolved  over  the  fire,  in  water,  vinegar,  or  wine  ; but  only 
a part  of  it  can  be  difiolved  in  any  of  thefe  liquors.  The  fmell  of  the  afafoetida 
refides  wholly  in  an  effential  oil  which  arifes  in  diftilladon  both  with  water 
and  fpirit:  four  ounces,  diftilled  with  water,  yielded  about  a dram 'of  oil. 

ASBESTOS,  or  ASBESTUS.  The  moft  obvious  characters  of  the  afbeftos 
are,  a greater  or  lefs  degree  of  flexibility,  and  their  refilling  the  fire.  The 
Amianthus  is  often  confounded  with  it.  Cronftedt  diftinguifhes  two  kinds  : — The 
afbeftos  which  is  compofed  of  foft  and  thin  membranes,  and  is  the  amianthus 
of  Wallerius.  The  membranes  of  this  are  either  parallel,  in  which  cafe  he  calls 
it  Mountain  Leather  ; or  twifted,  which  he  diftinguifhes  by  the  name  of  Mountain 
Cork.  Both  thefe  kinds  are  white  when  pure  ; or  of  a yellowifh  brown  when  con- 
taminated with  iron.  The  impure  fort  melts  pretty  eafily  into  a black  flag. — 
The  fecond  kind  of  afbeftos  diftinguifhed  by  Cronftedt,  has  its  fibres  fine  and  flexi- 
ble, and  either  parallel,  of  a light  green  or  white  colour ; or  of  a greenifh  colour, 
fomewhat  more  brittle,  and  contaminated  with  iron.  This  laft  is  fufible  into  a 
femi-tranfparent  glafs.  There  is  alfo  a light  green  martial  afbeftos,  with  broken 
fibres,  which  belongs  to  this  kind. 

The  ancients  manufactured  cloth  out  of  the  fibres  of  afbeftos,  for  the  purpofe, 
it  is  faid,  of  wrapping  up  the  bodies  of  the  dead,  when  expofed  on  the  funeral 
pile.  Several  moderns  have  likewife  fucceeded  in  making  this  cloth  ; the 
chief  artifice  of  which  feems  to  confift  in  the  admixture  of  flax  and  a liberal  ufe 
of  oil;  both  which  fubftances  are  afterwards  confumed  by  expofing  the  cloth  for 
a certain  time  to  a red  heat.  Although  the  cloth  of  afbeftos,  when  foiled,  is  re- 
ftored  to  its  primitive  whitenefs  by  heating  in  the  fire ; it  is  found  neverthelefs, 
by  feveral  authentic  experiments,  that  its  weight  diminifhes  by  fuch  treatment. 
The  fibres  of  afbeftos,  expofed  to  the  violent  heat  of  the  blow-pipe,  exhibit  flight 
indications  of  fufion;  though  the  parts,  inftead  of  running  together,  moulder  away, 
and  part  fall  down,  while  the  reft  feem  to  difappear  before  the  current  of  air. 
Ignition  impairs  the  flexibility  of  afbeftos  in  a flight  degree. 

According  to  Bergman,  the  fibrous  afbeftos  contains  from  53  to  74  parts  of 
filiceous  earth,  from  12  to  28  of  mild  magnefia,  from  7 to  14  of  mild  calcareous 
earth,  from  2 to  6 of  clay,  and  from  1 to  10  of  iron ; the  whole  mafs  being  fup- 
pofed  to  be  divided  into  100  parts.  The  martial  afbeftos  contains  62  of  filiceous 
earth,  13,7  of  magnefia,"  12  of  calcareous  earth,  1,7  of  clay,  and  10,6  of  iron. 
This  affords  a white  flag  by  fufion. 

The  mountain  cork  or  leather  contains  in  the  hundred  from  56  to  62  parts 
of  filiceous  earth,  from  22  to  26  of  mild  magnefia,  from  10  to  12  of  mild  cal- 
careous  earth,  from  2 to  near  3 of  clay,  and  about  3 of  iron. 

ASHES.  The  fixed  refidue  of  combuftible  fubftances  which  remains  after 
they  have  been  burned,  is  called  Afhes.  Inchemiftry  it  is  moft  commonly  ufed  to 
denote  the  refidue  of  vegetable  combuftion.  Vegetable  afhes  contain  alkali,  which 
may  be  wafhed  out  with  water ; and  the  infoluble  part  is  found  to  confift  of  a cal- 
careous earth  for  the  moft  part,  fome  clay,  and  a much  lefs  portion  of  magnefia. 
All  thefe  prod u ft s vary  in  the  different  fpeCies  of  vegetables.  Moft  plants  afford 
likewife  iron  and  manganefe  ; and  Mr.  Sage,  by  experiments  which  have  been  veri- 
fied by  other  chemifts,  has  proved  that  gold  is  a very  common  ingredient,  though 
in  fo  fmall  a quantity  as  by  no  means  to  pay  the  charge  of  extracting  it. 

ASPHALTUM.  This  fubftance,  likewife  called  Bitumen  Judaicum,  or  Jews 
Pitch,  is  a fmooth,  hard,  brittle,  blackor  brown  fubftance,  which  breaks  with  apolifh, 
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melts  eafily  when  heated,  and  when  pure  burns  without  leaving  any  allies.  It  is 
found  in  a foft  or  liquid  ftate  on  the  furface  of  the  Dead  Sea,  but  by  age  grows 
dry  and  hard.  The  fame  kind  of  bitumen  is  likewife  found  in  the  earth  in  other 
parts  of  the  world;  in  China,  America;  and  fome  parts  of  Europe,  as  the  Carpa- 
thian hills,  France,  Neuchatel,  &c.  Its  fpecific  gravity,  according  to  Bovle,  is 
1400.  Ardent  fpiric  and  ether  a6t  upon  it  but  very  nightly  and  partially.  Water 
does  not  alter  it ; neither  is  it  foluble  in  olive  oil,  or  the  effential  oils  of  annifeed 
or  turpentine.  According  to  Neumann,  the  afphalturn  of  the  fhops  is  a very  dif- 
ferent compound  from  the  native  bitumen  ; and  varies,  of  courfe,  in  its  properties, 
according  to  the  nature  of  the  ingredients  made  ufe  of  in  forming  it.  On  this 
account,  and  probably  from  other  reafons,  the  ufe  of  afphalturn,  as  an  article  of 
the  materia  medica,  is  almoft  totally  laid  afide. 

ASPIC.  A piant  which  grows  in  plenty  in  Languedoc,  in  Provence,  and 
efpeCially  on  the  mountain  of  St.  Baume  in  France.  It  is  a kind  of  lavender, 
pretty  much  like  that  which  grows  in  our  gardens,  both  with  regard  to  its  flowers, 
which  are  blue,  and  to  the  figure  and  green  colour  of  its  leaves.  The  botanifts  call 
it  male  lavender,  lavendula  mas  in  Latin.  They  alfo  give  it  other  names,  as 
fpicanardi,  pfeudo-nardus,  &c.  The  oil  of  afpic  that  painters,  farriers,  and  other 
artificers  ufe,  which  is  likewife  of  fome  ufe  in  medicine,  being  employed  in  feveral 
Galenical  compofitions,  is  extracted  from  the  flowers  and  fmall  leaves  of  this  plant. 
It  is  very  inflammable,  and  when  once  on  fire  it  is  almoft  impoflible  to  ex- 
tinguifh  it. 

The  true  oil  of  afpic  is  white,  and  of  an  aromatic  fcent.  It  is  the  only  dif- 
folvent  of  fandarac  ; by  which  means  it  may  be  eafily  diftinguifhed  from  that 
which  is  counterfeited,  and  which  is  nothing  but  oil  of  turpentine  mixed  with  a 
little  oil  of  petroleum. 

In  the  above  article,  which  is  taken  from  Poftlethwaite,  the  author,  who  refers 
to  Savary  as  his  authority,  affirms  that  as  fandarac,  or  gum  fandarac,  is  very  folu- 
ble  in  fpirit  of  wine,  he  concludes  that  Mr.  Savary  is  miftaken,  and  muft  have 
meant  karabe,  or  yellow  amber,  1 find,  in  fadt,  that  gum  fandarac,  though  it  dif- 
fers from  refins  in  feveral  effential  refpedts,  particularly  in  not  being  foluble  in 
olive  oil,  agrees  with  them  neverthelefs  in  this  particular,  that  alcohol  diffolves  it. 

ASSAY,  or  ESSAY.  This  operation  confifts  in  determining  the  quantity  of 
valuable  or  precious  metal  contained  in  any  mineral  or  metallic  mixture,  by  ana- 
lyfing  a fmall  part  thereof.  The  practical  difference  between  the  analyfis  and 
the  affay  of  an  ore,  confifts  in  this  : The  analyfis,  if  properly  made,  determines  the 
nature  and  quantities  of  all  the  parts  of  the  compound  ; whereas  the  objedt  of  the 
affay  confifts  in  afcertaining  how  much  of  the  particular  metal  in  queftion  may 
be  contained  in  a certain  determinate  quantity  of  the  material  under  examination. 
Thus,  in  the  affay  of  gold  or  filver,  the  bafer  metals  are  confidered  as  of  no  value 
or  confequence ; and  the  problem  to  be  refolved  is  fimply,  how  much  of  each 
is  contained  in  the  ingot  or  piece  of  metal  intended  to  be  affayed.  The  ex- 
amination of  metallic  ores  may  be  feen  under  their  refpedtive  titles ; the  prefent 
article  will  therefore  confift  of  an  account  of  the  affaying  of  gold  and  filver. 

To  obtain  gold  or  filver  in  a ftate  of  purity,  or  to  afcertain  the  quantity  of 
alloy  it  may  contain,  it  is  expofed  to  a ftrong  heat,  together  with  lead,  in  a 
porous  crucible.  This  operation  is  called  cupellation,  and  is  performed  as  fol- 
lows : The  precious  metal  is  put,  together  with  a due  proportion  of  lead,  into  a 
fhaliow  crucible,  made  of  burned  bones,  called  a cupel ; and  the  fufion  of  the 
metals  is  effected  by  expofing  them  to  a confiderable  heat  in  a muffel,  or  fmall 
earthen  oven,  fixed  in  the  midft  of  a furnace.  The  lead  continually  vitrifies, 
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©r  becomes  converted  into  a glafiy  calx,  which  diflblves  all  the  imperfedt  metals. 
This  fluid  glafs,  with  its  contents,  foaks  into  the  cupel,  and  leaves  the  precious 
metal  in  a ftate  of  purity.  During  the  cupellation,  the  fcorise  running  down  on 
all  fides  of  the  metallic  mafs,  produce  an  appearance  called  circulation  ; by  which 
the  operator  judges  whether  the  procefs  is  going  on  well.  When  the  metal  is 
nearly  pure,  certain  prifmatic  colours  flafh  fuddenly  acrofs  the  furface  of  the 
globule,  which  foon  afterwards  appears  very  brilliant  and  clean  : this  is  called 
the  brightening,  and  (hews  that  the  reparation  is  ended. 

After  gold  has  paffed  the  cupel,  it  may  ilill  contain  either  of  the  other  .perfect 
metals,  platina  or  filver.  The  former  is  feldom  fufpedted  ; the  latter  is  feparated 
by  the  operations  called  quartation  and  parting.  Quartation  confifts  in  adding 
three  parts  of  filver  to  the  fuppofed  gold,  and  fuflng  them  together  ; by  which 
means  the  gold  becomes  one  fourth  of  the  mafs  only.  The  intention  of  this  is  to 
feparate  the  particles  of  gold  from  each  other,  fo  that  they  may  not  cover  and  de- 
fend the  filver  from  the  adtion  of  the  pure  nitrous  acid  which  is  to  be  ufed  in 
the  procefs  of  parting.  Parting  confifts  in  expofing  the  mafs,  previoufly  hammered 
or  rolled  out  thin,  to  the  adtion  of  boiling  aqua  fortis  of  a due  ftrength.  If  the 
acid  be  not  too  concentrated,  it  diflblves  the  filver,  and  leaves  the  gold  in  a por- 
ous mafs,  of  the  original  form  ; but,  if  too  ftrong,  the  gold  is  in  a powdery  form, 
which  may  be  walked  and  dried.  The  weight  of  the  original  metal  before  cupel- 
lation, and  in  all  the  fubfequent  ftages,  ferves  to  afcertain  the  degree  of  finenefs 
of  the  ingot,  or  ore,  of  which  it  is  a part. 

In  eftimating  or  exprefling  the  finenefs  of  gold,  the  whole  mafs  fpoken  of  is 
fuppofed  to  weigh  twenty-four  carats  of  twelve  grains  each,  either  real,  or  merely 
proportional,  like  the  aflayers  weights  ; and  the  pure  gold  is  called  fine.  Thus 
if  gold  be  faid  to  be  23  carats  fine,  it  is  to  be  underftood  that,  in  a mafs  weighing 
24  carats,  the  quantity  of  pure  gold  amounts  to  23  carats. 

In  fuch  fmall  works  as  cannot  be  affayed  by  fcraping  off  a part,  and  cupelling  it, 
the  aflayers  endeavour  to  afcertain  its  quality,  or  finenefs,  by  the  touch.  This 
is  a method  of  comparing  the  colour,  and  other  properties,  of  a minute  portion  of 
the  metal,  with  thofe  of  fmall  bars  whofe  compofition  is  known.  Thefe  bars 
are  called  touch-needles ; and  they  are  rubbed  upon  the  black  bafaltes,  which  for 
that  reafon  is  called  the  touch-ftone.  Black  flint  or  pottery  will  ferve  the  fame 
purpofe.  Sets  of  golden  needles  may  confift  of — Pure  gold  , pure  gold  23-f-  carats, 
with  half  a carat  of  filver;  23  carats  of  gold,  with  one  carat  filver;  22^  carats 
gold,  with  carat  filver;  and  fo  forth,  till  the  filver  amounts  to  four  carats; 
after  which  the  additions  may  proceed  by  whole  carats.  Other  needles  may  be 
made  in  the  fame  manner,  with  copper  inftead  of  filver ; and  other  fets  may  have  the 
addition  confifting  either  of  equal  parts  filver  and  copper,  or  fuch  proportions  as 
the  occafions  of  bufinefs  require. 

In  foreign  countries,  where  trinkets  and  fmall  work  are  required  to  be  fub- 
mitted  to  the  affay  of  the  touch,  a variety  of  needles  are  neceffary  ; but  they  are 
not  much  ufed  in  England.  They  afford,  however,  a degree  of  information  which 
is  more  confiderable  than  might  at  firft  be  expedted.  The  attentive  affayer  not 
only  compares  the  colour  of  the  ftroke  made  upon  the  touch-ftone,  by  the  metal 
under  examination,  with  that  produced  by  his  needle  ; but  will  likewife  attend  to 
the  fenfation  of  roughnefs,  drynefs,  fmoothnefs,  or  greafinefs,  which  the  texture  of 
the  rubbed  metal  excites,  when  abraded  by  the  ftone.  When  two  ftrokes  perfectly 
alike  in  colour  are  made  upon  the  ftone,  he  may  then  wet  them  with  aqua  fortis, 
which  will  affedt  them  very  differently,  if  they  be  not  fimilar  compofitions ; or  the 
ftone  itfelf  may  be  made  red-hot  by.  the  fire,  or  by  the  blow-pipe,  if  thin  black 
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pottery  be  ufed;  in  which  cafe  the  phenomena  of  calcination  will  differ,  according 
to  the  nature  and  quantity  of  the  alloy. 

The  French  government  has  from  time  to  time  caufed  various  experimental  en- 
quiries to  be  made  refpe<5ting  the  art  of  aflaying  gold,  which  have  thrown  much  light 
on  this  fubjedt,  and  greatly  tend  to  produce  uniformity  in  the  refules  of  the  opera- 
tion. The  lateft  report  on  this  fubjedf  may  be  feen  in  the  Annales  de  Chimie,  vol.  vi. 
p.  6 4 ; which  may  be  confulted  for  a full  account  of  the  experiments  and  hiftory  of 
former  proceedings.  The  general  refult  is  as  follows,  nearly  in  the  words  of  the  au- 
thors : 

Six  principal  circumftances  appear  to  affedl  the  operation  of  parting:  namely,  the 
quantity  of  acid  ufed  in  parting,  or  in  the  firft  boiling  ; the  concentration  of  this  acid  ; 
the  time  employed  in  its  application  ; the  quantity  of  acid  made  ufe  of  in  the  re- 
prife,  or  fecond  operation  ; its  concentration  ; and  the  time  during  which  it  is  applied. 
From  the  experiments  it  has  been  (hewn,  that  each  of  thefe  unfavourable  circum- 
ftances might  eafily  occafion  a lofs  of  from  the  half  of  a thirty-fecond  part  of  a 
carat  to  two  thirty-lecond  parts.  The  writers  explain  their  technical  language  by 
obferving  that,  the  whole  mafs  confifting  of  twenty-four  carats,  this  thirty-fecond 
part  denotes  T-^T  part  of  the  mafs.  It  may  eafily  be  conceived,  therefore,  that  if 
the  whole  fix  circumftances  were  to  exift,  and  be  productive  of  errors  falling  the 
fame  way,  the  lofs  would  be  very  confiderable. 

It  therefore  is  indifpenfably  necefiary  that  one  uniform  procefs  fhould  be  followed 
in  the  allays  of  gold  ; and  it  is  a matter  of  aftonilhment  that  fuch  an  accurate  pro- 
cefs fhould  not  have  been  prefcribed  by  government  for  afiayers  in  an  operation  of 
fuch  great  commercial  importance,  inllead  of  every  one  being  left  to  follow  his  own 
judgment.  The  procefs  recommended  in  the  report  before  us  is  as  follows. 

Twelve  grains  of  the  gold  intended  to  be  afifayed  muft  be  mixed  with  thirty 
grains  of  fine  filver,  and  cupelled  with  108  grains  * of  lead.  The  cupellation 
muft  be  carefully  attended  to,  and  all  the  imperfedl^buttons  rejected.  When  the 
cupellation  is  ended,  the  button  muft  be  reduced  by  lamination  into  a plate  of  if 
inch,  or  rather  more,  in  length,  and  four  or  five  lines  in  breadth.  This  muft 
be  rolled  up  upon  a quill,  and  placed  in  a mattrafs  capable  of  holding  about  three 
ounces  of  liquid,  when  filled  up  to  its  narrow  part.  Two  ounces  and  a half  of 
very  pure  aqua  fortis,  of  the  ftrength  of  20  degrees  of  Baume’s  areometer  muft 
then  be  poured  upon  it;  and  the  mattrafs  being  placed  upon  hot  afhes,  or  fand, 
the  acid  muft  be  kept  gently  boiling  for  a quarter  of  an  hour  : the  acid  muft  then 
be  cautioufly  decanted,  and  an  additional  quantity  of  if  ounce  muft  be  poured 
on  the  metal,  and  {lightly  boiled  for  twelve  minutes.  This  being  likewife  care- 
fully decanted,  the  fmall  fpiral  piece  of  metal  muft  be  wafhed  with  filtered  river- 
water,  ordiftilled  water,  by  filling  the  mattrafs  with  this  fluid.  The  vefiel  is  then 
to  bereverfed,  by  applying  the  extremity  of  its  neck  againft  the  bottom  of  a cru- 
cible of  fine  earth,  whofe  internal  furface  is  very  fmooth.  The  annealing  muft 
then  be  made,  after  having  feparated  the  portion  of  water  which  had  fallen  into 
the  crucible;  and,  laftly,  the  annealed  gold  muft  be  weighed.  For  the  certainty  of 
this  operation,  two  aflays  muft  be  made  in  the  fame  manner,  together  with  a third 
aflay  upon  gold  of  twenty-four  carats,  or  upon  gold  whofe  finenefs  is  perfectly 
and  generally  known. 

■*  1 \ gros.  Though  thefe  dofes  of  filver  and  lead  appeared  to  be  proper  for  all  operations  of  aflaying 
gold,  the  commilfaries  obferve,  neverthelefs,  that  gold  of  a lower  title  than  eighteen  carats  may  be  al- 
loyed with  two  parts,  and  even  lefs,  of  filver  ; in  order  that  the  fmall  mafs  of  metal,  when  it  comes  to  be 
laminated,  may  not  be  too  thin,  fo  as  to  break  in  pieces  during  the  parting. 
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No  conclufion  muft  be  drawn  from  this  affay,  unlefs  the  latter  gold  ffiould 
prove  to  be  of  the  finenefs  of  twenty-four  carats  exactly,  or  of  its  known  degree  of 
finenefs ; for,  if  there  be  either  lofs  or  furplus,  it  may  be  inferred  that  the  two  other 
affays,  having  undergone  the  fame  operation,  muft  be  fubjet  to  the  fame  error.  The 
operation  being  made  according  to  this  procefs,  by  feveral  affayers,  in  circumftances 
of  importance,  luch  as  thofe  which  relate  to  large  fabrications,  the  finenefs  of  the 
gold  muft  not  be  depended  on,  nor  confidered  as  accurately  known,  unlefs  all  the  af- 
fayers have  obtained  an  uniform  refult  without  communication  with  each  other.  The 
authors  obferve,  however,  that  this  identity  muft  be  confidered  as  exifting  to  the 
accuracy  of  half  of  the  thirty-fecond  part  of  a carat.  For,  notwithftanding  every 
poffible  precaution  or  uniformity,  it  very  feldom  happens  that  an  abfolute  agree- 
ment is  obtained  between  the  different  affays  of  one  and  the  fame  ingot,  becaufe  the 
ingot  itfelf  may  differ  in  its  finenefs  in  different  parts  of  its  mafs. 

The  affaying  of  filver  does  not  differ  from  that  of  gold,  excepting  that  the  part- 
ing operation  is  not  neceffary.  A certain  fmall  portion  of  the  filver  is  abforbed  by 
the  cupel,  and  the  more  when  a larger  quantity  of  lead  is  ufed,  unlefs  the  quantity 
of  lead  be  exceffive;  in  which  cafe  moft  of  it  will  be  fcorified  before  it  begins  to  at 
upon  the  filver.  Meff.  Hellot,  Tiller,  and  Macquer,  from  their  experiments  made 
byorderof  the FrenchGovernment,  haveafcertained  that  fourparts  oflead  arerequi- 
fitefor  filver  of  eleven  pennyweights  twelve  grains  fine;  fix  parts  oflead  for  filver  of 
eleven  pennyweights ; eight  parts  lead  for  filver  of  ten  pennyweights  ; ten  parts 
lead  for  filver  of  nine  pennyweights ; and  fo  on  in  the  fame  progrefiion. 

ASTRINGENT  PRINCIPLE.  The  effet,  called  aftringency,  confidered  as 
diftinguiffiable  by  the  tafte,  is  incapable  of  being  defined.  It  is  perceived  in  the 
hulks  of  nuts,  of  walnuts,  in  green  tea,  and  eminently  in  the  nut  gall ; and  moft  pro- 
bably in  all  thefe  is  produced  by  the  bafts  of  the  acid  of  galls  not  perfetly  acidified. 
If  the  nature  and  affinities  of  this  fubftance  were  well  afeertained,  it  would  pro- 
bably tend  to  throw  great  light  on  the  art  of  dying.  See  Acid  of  Galls. 

ATHANOR.  A kind  of  furnace,  which  has  long  fince  fallen  into  difufe. 
The  very  long  and  durable  operations  of  the  ancient  chemifts  rendered  it  a defir- 
able  requifite,  that  their  fires  ffiould  be  conftantly  fupplied  with  fuel  in  proportion 
to  the  confumption.  The  athanor  furnace  was  peculiarly  adapted  to  this  purpofe. 
Befides  the  ufual  parts,  it  was  provided  with  an  hollow  tower,  into  which  charcoal 
was  put.  The  upper  part  of  the  tower,  when  filled,  was  clofely  ffiut  by  a well-fitted 
cover;  and  the  lower  part  communicated  with  the  fire-place  of  the  furnace.  In 
confequence  of  this  difpofition,  the  charcoal  fubfided  into  the  fire-place  gradually 
as  the  confumption  made  room  for  it ; but  that  which  was  contained  in  the  tower 
was  defended  from  combuftion  by  the  exclufion  of  a proper  fupply  of  vital  air. 

ATMOSPHERE.  See  Air  Atmospherical. 

ATTRACTION.  The  inftances  of  attration  which  are  exhibited  by  the  phe- 
nomena around  us  are  exceedingly  numerous,  and  continually  prefent  themfelves  to 
our  obfervation.  The  effet  of  gravity,  which  caufes  the  weight  of  bodies,  is  fo  uni- 
verfal,  that  we  can  fcarcely  form  an  idea  how  the  univerfe  could  fubfift  without  it. 
Other  attractions,  fuch  as  thofe  of  magnetifm  and  electricity,  are  likewife  obfervable; 
and  every  experiment  in  chemiftry  tends  to  ffiewthat  bodies  are  compofed  of  vari- 
ous principles  or  l'ubftances,  which  adhere  to  each  other  with  various  degrees  of  force, 
and  may  be  feparated  by  the  known  methods.  It  is  a queftion  among  philofophers, 
whether  all  the  attractions  which  obtain  between  bodies  be  referable  to  one  general 
caule  modified  by  circumftances,  or  whether  various  original  and  diftint  caufes  at 
upon  tl)e  particles  of  bodies  at  one  and  the  fame  time.  The  philofophers  at  the  be- 
ginning of  the  prefent  century  were  difpofed  to  confider  the  feveral  attrations  as  ef- 
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fentially  different,  becaufe  the  laws  of  their  aCtion  differ  from  each  other  ; but  the 
moderns  appear  difpofed  to  generalize  this  fubjeCt,  and  to  confider  all  the  attrac- 
tions which  exift  between  bodies,  or  at  leaft  thofe  which  are  permanent,  as  depend- 
ing upon  one  and  the  fame  caufe,  whatever  it  may  be,  which  regplates  at  once  the 
motions  of  the  immenfe  bodies  which  circulate  through  the  celeftial  fpaces,  and 
thofe  minute  particles  which  are  transferred  from  one  combination  to  another  ia 
the  operations  of  chemiftry.  The  earlier  philofophers  obferved,  for  example,  that 
the  attraction  of  gravitation  aCts  upon  bodies  with  a force  which  is  inverfely  as  the 
fquares  of  the  diltances;  and  from  mathematical  deduction  they  have  inferred,  that 
the  law  of  attraction  between  the  particles  themfelves  follows  the  fame  ratio  : but, 
when  their  obfervations  were  applied  to  bodies  very  near  each  other,  or  in  contaCt, 
an  adhefion  took  place,  which  is  found  to  be  much  greater  than  could  be  deduced 
from  that  law  applied  to  the  centres  of  gravity.  Hence  they  concluded,  that  the  co- 
hefive  attraction  is  governed  by  a much  higher  ratio,  and  probably  the  cubes  of  the 
diftances.  The  moderns,  on  the  contrary,  among  whom  are  Bergmann,  DeMorveau, 
and  others,  have  remarked  that  thefe  deductions  are  too  general,  becaufe  for  the  moft 
part  drawn  from  the  confideration  of  fpherical  bodies,  which  admit  of  no  contaCt  but 
fuch  as  is  indefinitely  fmali,  and  exert  the  fame  powers  on  each  other,  whichever 
fide  may  be  obverted.  They  remark  likewife,  that  the  confequence  depending  on 
the  fum  of  the  attractions  in  bodies  not  fpherical,  and  at  minute  diftances  from  each 
other,  will  not  follow  the  inverted  ratio  of  the  fquare  of  the  diftance  taken  from  any 
point  afiumed  as  the  centre  of  gravity,  admitting  the  particles  to  be  governed  by 
that  law  ; but  that  it  will  greatly  differ,  according  to  the  fides  of  the  folid  which  are 
prefented  to  each  other,  and  their  refpeCtive  diftances;  infomuch  that  the  attractions 
of  certain  particles  indefinitely  near  each  other  will  be  indefinitely  increafed,  though 
the  ratio  of  the  powers  aCting  upon  the  remoter  particles  may  continue  nearly  the 
fame. 

This  doCtrine,  which  however  requires  to  be  much  more  ftriCtly  examined  by  the 
application  of  mathematical  principles,  obvioufiy  points  to  a variety  of  interefting 
confequences.  The  polarity  of  particles,  or  their  difpofition  to  prefent  themfelves 
in  their  approach  to  each  other  in  certain  afpeCts,  though  it  has  been  treated  as 
a chimerical  notion  by  a few  fuperficial  writers,  is  one  of  the  firft  of  thefe  refults  j 
and  may  be  not  unaptly  fhown  by  the  experiment  of  floating  bodies  upon  water, 
which  deprefs  the  furface  of  that  fluid,  and  form  a cavity  into  which  they  fubfide, 
and  produce  an  appearance  of  attraction  by  ruffling  together  ; in  which  cafe  their 
mode  of  application  to  each  other  is  confiderably  governed  by  their  figure,  which 
caufes  them  to  turn  round,  and  apply  themfelves  to  each  other  in  fuch  a manner  as 
that  the  fum  of  the  forces  that  aCt  upon  the  two  bodies  may  be  nearly  in  equilibrio* 

As  a proof  that  gravitation  and  chemical  attraction  are  two  diftinCt  properties, 
inftead  of  the  latter  being  a modification  of  the  former,  it  has  been  noticed  that 
this  laft  is  not  governed  by  the  mafles  or  fpecific  gravities  of  the  particles. 
Thus,  for  example,  fince  fpirit  of  wine  diflolves  refin,  and  water  does  not ; it 
would  follow  as  an  inference  upon  this  fyftem,  that  the  particles  of  the  fpirit  are 
denfer  than  thofe  of  the  water  ; whereas  the  oppofite  conclufion  might  have  been 
drawn,  if  the  experiment  had  been  made  with  gum  inftead  of  refin;  this  lubftance 
being  diffblved  by  water,  and  not  by  fpirit.  Neverthelefs,  it  is  a good  anfwer  to 
this  objection,  that  admitting  the  mafles  to  govern  the  attractions,  yet  the  modifi- 
cations of  figure  may  be  fuch  as  even  to  have  a greater  influence  in  the  total 
effcCt  than  the  ma's  itfelf.  Thus  it  may  be  conceived  that  two  cubes  of  lead 
may  adhere  more  ftrongly  by  their  fiat  furfaces  than  two  fpheres  of  gold,  which 
«annot  touch  each  other  but  in  a pointy  and  the  luperiority  of  attraction  in  the  one 
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cafe  over  the  other  may  prevail  in  all  the  fmall  diftances  to  which  chemical  ef- 
fefts  extend  themfelves ; not:  to  mention  that  magnitude  of  particles  will  as 
greatly  modify  the  confequences  as  figure  itfelf. 

Thefe  are  fpeculations  which,  with  regard  to  the  prefent  ftate'of  chemiftiy, 
ftand  in  much  the,  fame  fituation  as  the  theory  of  gravity,  which  is  minutely  de- 
fcribed  in  Plutarch  *,  did  with  regard  to  aftronomy  before  the  time  of  Newton. 
As  the  celeftial  phenomena  were  formerly  arranged  from  obfervation  merely,  but 
are  now  computed  from  the  phyfical  caufe,  gravitation  ; fo,  at  prefent,  chemiftry 
is  the  fcience  of  matter  of  faff  duly  arranged,  without  the  affiftance  of  any  extenfive 
theory  immediately  deduced  from  the  figures,  volumes,  densities,  or  mutual  actions 
of  theparticles  of  bodies.  What  it  may  hereafter  be,  muft  depend  on  the  ability  and 
refearch  of  future  chemifts;  but  at  prefent  we  muft  difmifs  this  remoter  part  of 
theory,  to  attend  more  immediately  to  the  fadfs. 

That  the  parts  of  bodies  do  attradf  each  other,  is  evident  from  that  adhefion 
which  produces  folidity,  and  requires  a certain  force  to  overcome  it.  For  the 
fake  of  perfpicuity,  the  various  effects  of  attraction  have  been  confidered  as  diffe- 
rent kinds  of  affinity,  or  powers.  That  power  which  phyfical  writers  call  the  at- 
traction of  cohefion,  is  generally  called  the  attraction  of  aggregation  by  chemifts. 
Aggregation  is  confidered  as  the  adhefion  of  parts  of  the  fame  kind.  Thus,  a 
number  of  pieces  of  brimftone  united  by  fufion  form  an  aggregate,  whofe  parts, 
may  be  feparated  again  by  mechanical  means.  Thefe  parts  have  been  called 
integrant  parts : that  is  to  fay,  the  minuteft  parts  into  which  a body  can  be  di- 
vided, either  really  or  by  die  imagination,  fo  as  not  to  change  its  nature,  are 
called  integrant  parts.  Thus,  if  fulphur  and  an  alkali  be  combined  together,  and 
form  liver  of  fulphur,  we  may  conceive  the  mafs  to  be  divided  and  fubdivided  to 
an  extreme  degree,  until  at  length  the  mafs  confifts  of  merely  a particle  of  brim- 
ftone and  a particle  of  alkali.  This  then  is  an  integrant  part ; and  if  it  be  divided 
further,  the  effecft  which  chemifts  call  decompofition  will  take  place;  and  the 
particles,  confifting  no  longer  of  liver  of  fulphur,  but  of  fulphur  alone  and  alkali 
alone,  will  be  what  chemifts  call  component  parts  or  principles. 

The  union  of  bodies  in  a grofs  way  is  called  mixture.  Thus,  fand  and  an 
alkali  may  be  mixed  together.  But,  when  the  very  minute  parts  of  a body  unite 
with  thofe  of  another  fo  intimately  as  to  form  a body  which  has  properties  diffe- 
rent fromthofe  of  either  of  them,  the  union  is  called  combination,  or  compofition. 
Thus,  if  fand  and  an  alkali  be  expofed  to  a ftrong  heat,  the  minute  parts  of  the 
mixture  combine,  and  form  glafs. 

The  earlier  chemifts  were  very  defirous  of  afcertaining  the  firft  principles,  or 
elements,  of  bodies ; and  they  diftinguifhed  by  this  name  fuch  fubftances  as  then- 
art  was  incapable  of  rendering  more  fimple.  They  feem  however  to  have  over- 
looked the  obvious  circumftance,  that  the  limits  of  art  are  not  the  limits  of  nature. 
At  prefent  we  hear  little  concerning  elements.  Thofe  fubftances  which  we  have 
not  hitherto  been  able  to  analyfe,  or  which,  if  decompofed,  have  hitherto  eluded 
the  obfervation  of  chemifts,  are  indeed  confidered  as  fimple  fubftances  relative  to 
the  prefent  ftate  of  our  knowledge,  but  in  no  other  refpett  ; fora  variety  of  ex- 
periments give  us  reafon  to  hope  that  future  enquiries  may  elucidate  their  nature 
and  compofition.  Some  writers,  calling  thofe  fimple  fubftances  by  the  name  of 
Primary  Principles,  have  diftinguifhed  compounds  of  thefe  by  the  name  of  Se-* 
condary  Principles,  which  they  fuppofe  to  enter  again  into  combinations  without 
decompofition  or  change.  It  muft  be  confeffed,  neverthelefs,  that  no  means  have 

* In  his  imperfeft  Treatife  De  Facie  in  Orle  Lung, 
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yet  been  devifed  to  (hew  whether  any  fuch  fubordination  of  principles  exifls.  We 
may  indeed  difcover  that  a compound  body  conflfts  of  three  or  more  principles ; 
but  whether  two  of  thefe  be  previoufly  united,  fo  as  to  form  a fimple  fubftance 
with  relation  to  the  thirds  or  what  in  other  refpedts  may  be  their  arrangement,  we 
do  not  know. 

If  two  folid  bodies,  difpofed  to  combine  together,  be  brought  into  contafl  with 
each  other,  the  particles  which  touch  will  combine,  and  form  a compound  ; and  if 
the  temperature  at  which  this  new  compound  afl'umes  the  fluid  form  be  higher 
than  the  temperature  of  the  experiment,  the  procefs  will  go  no  farther,  becaufe 
this  new  compound  being  interpofed  between  the  two  bodies  will  prevent  their 
further  accefs  to  each  other  : but  if,  on  the  contrary,  the  freezing  point  of  the 
compound  be  lower  than  this  temperature,  liquefaction  will  enfue ; and  the  fluid 
particles  being  at  liberty  to  arrange  themfelves  according  to  the  law  of  their  at- 
tractions, the  procefs  will  go  on,  and  the  whole  mafs  will  gradually  be  converted 
into  a new  compound  in  the  fluid  ftate.  An  inftance  of  this  may  be  exhibited  by. 
mixing  common  fait  and  perfectly  dry  pounded  ice  together,  d he  cryftals  of  the 
fait  alone  will  not  liquefy  unlefs  very  much  heated  ; the  cryftals  of  the  water,  that 
is  to  fay,  the  ice,  will  not  liquefy  unlefs  heated  as  high  as  thirty  two  degrees  of 
Fahrenheit ; and  we  have  of  courfe  fuppofed  the  temperature  of  the  experiment  to 
be  lower  than  this,  becaufe  our  water  is  in  the  folid  ftate.  Now  it  is  a well-known 
faCl  that  brine,  or  the  faturated  folution  of  fea  fait  in  water,  cannot  be  frozen  un- 
lefs it  be  cooled  thirty-eight  degrees  lower  than  the  freezing  point  of  pure  water. 
It  follows  then,  that  if  the  temperature  of  the  experiment  be  higher  than  this,  the 
firft  combinations  of  fait  and  ice  will  produce  a fluid  brine,  and  the  combination 
will  proceed  until  the  temperature  of  the  mafs  has  gradually  funk  as  low  as  the 
freezing  point  of  brine  ; after  which  it  would  ceafe,  if  it  were  not  that  furrounded 
bodies  continually  tend  to  raife  the  temperature.  And  accordingly  it  is  found 
by  experiment,  that  if  the  ice  and  the  fait  be  previoufly  cooled  below  the  tempe- 
rature of  freezing  brine,  the  combination  and  liquefaction  will  not  take  place.  See 
Heat. 

The  inftances  in  which  folid  bodies  thus  combine  together  not  being  very  nume- 
rous, and  the  fluidity  which  enfues  immediately  after  the  commencement  of  this 
kind  of  experiment,  have  induced  feveral  chemifts  to  con  fider  fluidity  inoneor  both,,, 
of  bodies  applied  to  each  other,  to  be  a neceflary  circumftance,  in  order  that  they 
may  produce  chemical  aCtion  upon  each  other.  Corpora  non  agunt  nifi  fint fiuida. 

If  one  of  two  bodies  applied  to  each  other  be  fluid  at  the  temperature  of  the 
experiment,  its  parts  will  fucceflively  unite  with  the  parts  of  the  folid,  which  will 
by  that  means  be  fufpended  in  the  fluid,  and  difappear.  Such  a fluid  is  called  a 
Solvent  or  Menftruum  ; and  the  folid  body  is  faid  to  be  diflolved. 

Some  fubftances  unite  together  in  all  proportions.  In  this  way  the  acids  unite 
with  water.  But  there  are  likewife  many  fubftances  which  cannot  be  diflolved  in 
a fluid  at  a fettled  temperature,  in  any  quantity  beyond  a certain  proportion. 
Thus,  water  will  diilolve  only  about  one- fourth  of  its  weight  of  common  fait,  and 
if  more  be  added  it  will  remain  folid.  A fluid  which  holds  in  folution  as  much  of 
any  lubftanceas  it  candiflolve,  is  faid  to  be  faturated  with  it.  But  faturation  with 
one  fubftance  is  fo  far  from  preventing  a fluid  from  diffolving  another  body,  that  it 
very  frequently  happens  that  the  folvent  power  of  the  compound  exceeds  that  of 
the  original  fluid  itfelf  Chemifts  likewife  ufe  the  word  Saturation  in  another 
fenfe ; in  which  it  denotes  fuch  an  union  of  two  bodies  as  produces  a compound 
she  moft  remote  in  its  properties  from  the  properties  of  the  component  parts  them- 
felves*. 
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felves.  In  other  combinations,  where  one  of  the  principles  predominates,  the 
odier  is  faid  to  be  fuperfaturated,  and  the  other  principle  is  faid  to  be  under  - 
fatu  rated. 

Heat  in  general  increafes  the  folvent  power  of  fluids,  probably  by  preventing 
part  of  the  difl'olved  fubftance  from  congealing,  or  affuming  the  folid  form. 

It  often  happens,  that  bodies  which  have  no  tendency  to  unite  are  made  to 
combine  together  by  means  of  a third,  which  is  then  called  the  Medium.  Thus, 
water  and  fat  oils  are  made  to  unite,  by  the  medium  of  an  alkali,  in  the  combina- 
tion called  Soap.  Some  writers,  who  feem  defirous  of  multiplying  terms,  call 
this  tendency  to  unite  the  affinity  of  Intermedium. 

It  very  frequently  happens,  on  the  contrary,  that  the  tendency  of  two  bodies  to 
unite,  or  remain  in  combination  together,  is  weakened  or  deftroved  by  the  addi- 
tion of  a third.  Thus,  fpirit  of  wine  unites  with  water  in  Inch  a manner  as  to 
feparate  moft  falts  from  it.  A linking  inllance  of  this  is  feen  in  a faturated  or 
flrong  lolution  of  nitre  in  water.  If  to  this  there  be  added  an  equal  meafure  of 
Ilrong  ardent  fpirit,  the  greateft  part  of  the  nitre  inftantly  falls  down.  Thus  mug- 
nefia  is  feparated  from  a lolution  of  Epfom  fait  by  the  addition  of  an  alkali  which 
combines  with  the  vitriolic  acid,  and  feparates  the  earth.  'The  principle  which 
falls  down  is  faid  to  be  precipitated,  and  in  many  inllances  is  called  a Precipitate. 
Some  modern  chemifts  ufe  the  term  Precipitation  in  a more  extended,  and  rather 
forced  fenfe  ; for  they  apply  it  to  all  fubftances  thus  feparated.  Jn  this  enunciation, 
therefore  they  would  fay,  that  the  vegetable  alkali  precipitates  the  mineral  alkali 
froma  lolution  of  common  fait,  t.ough  no.vifible  feparation  or  precipitation  takes 
place ; for  the  mineral  alkali,  when  dilengaged  from  fts  acid,  is  Hill  fufpended  in 
the  water  by  reafonof  its  folubility. 

From  an  infinite  number  of  fadts  of  this  nature  it  is  clearly  afcertained,  not  as 
a probable  by  pot  lefts  but  as  fimple  matter  of  tadt,  that  fome  bodies  have  a llronger 
tendency  to  unite  than  others;  and  that  the  union  of  any  fubftance  with  another 
will  exclude,  or  feparate,  a third  fubftance  which  might  have  been  previoufly  united 
with  one  of  them;  excepting  only  in  thofe  cafes  wherein  the  new  compoundhas 
a tendency  to  unite  with  that  third  fubftance,  and  form  a triple  compound* 
This  preference  of  uniting,  which  a given  fubftance  is  found  to  exhibit  with  re- 
gard to  other  bodies,  is  by  an  eafy  metaphor  called  Eledlive  Attradlion,  and 
is  fubjedl  to  a variety  of  cafes,  according  to  the  number  and  the  powers  of  the  prin- 
ciples which  are  refpedtively  prefented  to  each  other  The  cafes  which  have  been 
moft  frequently  obferved  by  chemifts,  are  thofe  called  Simple  Eiedtive  Attractions,, 
and  Double  Eiedtive  Attractions. 

When  a fimple  fubftance  is  prefented  or  applied  to  another  fubftance  com- 
pounded of  two  principles,  and  unites  with  one  of  thefe  two  principles  fo  as  to  fe- 
parate or  exclude  the  other,  this  effect  is  faid  to  be  produced  by  fimple  elective 
attraction. 

It  may  be  doubted  whether  any  of  our  operations  have  been  carried  to  this  de- 
gree of  fimplicity.  All  the  chemical  principles  we  are  acquainted  with,  are  fimple 
only  with  refpedt  to  our  power  of  decompofing  the  n ; and  the  daily  difeovenes  of 
our  cotemporaries  tend  to  decompofe  thofe  fibftan.es  which  chemifts  a few  years 
ago  confidered  as  fimple.  Without  infilling  however  upon  this  difficulty,  we  may 
obferve  that  water  is  concerned  in  all  the  operations  which  are  called  Humid  ; and 
beyond  a doubt  modifies  all  the  effedts  of  fuch  bodies  as  are  fufpended  in  it.  In 
the  dry  way,  the  element  of  fire,  or  matter  of  heat,  admitted  perhaps  too  rafhly  by 
a very  great  number  of  chemifts,  tends  equally  to  modify  the  eftedts  of  procefl’es  in. 
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the  dry  way  ; and  at  all  events,  the  variations  of  temperature,  whether  arifing  from 
an  adlual  igneous  fluid,  or  from  a mere  modification  of  the  parts  of  bodies,  tend 
greatly  to  difturb  the  effedlsof  eledlive  attradlion.  Thefe  caufes  render  it  difficult  to 
point  out  an  example  of  Ample  elective  attradlion,  which  may  in  ftridlnefs  be 
reckoned  as  fuch.  If  however  we  overlook  the  effedl  of  water,  we  may  then  point 
out  various  examples.  Thus,  as  we  have  juft  obferved,  an  alkali  added  to  a fo- 
lution  of  Epfom  fait  throws  down  the  magnefia,  and  itfelf  forms  a fait  of  another 
kind  in  folution.  So  likewife,  in  the  dry  way,  if  a combination  of  lead  and  fulphur 
be  fufed  with  iron,  the  fulphur  unites  with  this  laft,  and  leaves  the  lead  free. 

It  will  be  obferved  however,  that  even  in  thefe  inftances  the  fubftances  made  ufe 
of  are  not  univerfally  admitted  to  be  Ample.  All  chemifts  now  admit  that  the 
acids  confift  of  vital  air  united  to  a peculiar  bafis  in  each  ; and  lead,  iron,  and 
fulphur  are  all  fuppofed  by  the  phlogiftians  to  contain  the  principle  of. inflam- 
mability. 

Double  eledlive  attradlion  takes  place  when  two  bodies,  each  conAfting  of  two 
principles,  are  prefented  to  each  other,  and  mutually  change  a principle  of  each  ; 
by  which  means  two  new  bodies,  or  compounds,  are  produced  of  a different  nature 
from  the  original  compounds. 

Under  the  fame  limitations  as  were  pointed  out  in  fpeaking  of  Ample  eledlive  at- 
tradlion,  we  may  offer  inftances  of  double  eledlive  attradlion.  Let  mercury  be  dif- 
folved  to  faturation  in  the  nitrous  acid,  the  water  will  then  contain  a nitro-mercu- 
rial  fait.  Again,  let  vegetable  alkali  be  diffolved  to  faturation  in  the  vitriolic  acid, 
and  the  refult  will  be  a folution  of  vitriolated  tartar.  If  mercury  were  added  to 
the  folution  of  vitriolated  tartar,  it  would  indeed  tend  to  unite  with  the  acid,  but 
would  produce  no  decompoAtion  ; becaufe  the  eledlive  attradlion  of  the  acid  to  the 
alkali  is  the  ftrongeft.  So  likewife,  if  the  nitrous  acid  alone  be  added  to  the  folu- 
tion of  vitriolated  tartar,  its  tendency  to  unite  with  the  alkali,  ftrong  as  it  is,  will 
not  effedl  any  change,  becaufe  the  alkali  is  already  in  combination  with  a ftronger 
acid.  But  if  the  mercurial  fait,  or  combination  of  mercury  with  nitrous  acid,  be 
added  to  the  folution  of  vitriolated  tartar,  a change  of  principles  will  take  place, 
the  vitriolic  acid  will  quit  the  alkali,  and  unite  with  the  mercury,  while  the  nitrous 
acid  combines  with  the  alkali;  and  thefe  two  new  falts,  namely  Common  Nitre, 
and  the  Vitriolic  Salt  of  Mercury,  may  be  obtained  feparately  by  cryftallization. 

Themoft  remarkable  circumftance  in  this  procefs  is,  that  the  joint  effedls  of  the 
attractions  of  the  vitriolic  acid  to  mercury,  and  the  nitrous  acid  to  alkali,  prove  to 
be  ftronger  than  the  fum  of  the  attractions  between  the  vitriolic  acid  and  the  alkali, 
and  between  the  nitrous  acid  and  the  mercury  ; for,  if  the  fum  of  thefe  two  laft  had 
not  been  weaker,  the  original  combinations  would  not  have  been  broken.  Mr. 
Kirwan,  who  firft  in  the  year  1782  conAdered  this  fubjedt  with  that  attention  it  de- 
ferves,  calls  the  affinities  which  tend  to  preferve  the  original  combinations,  the 
Quiefcent  Affinities.  He  diftinguifhes  the  affinities  or  attractions  which  tend  to 
produce  a change  of  principles,  by  the  name  of  the  Divellent  Affinities.  Some  emi- 
nent chemifts  are  difpofed  to  confider  as  effedls  of  double  affinities  thofe  changes  of 
principlesonly.  which  would  not  have  taken  place  without  the  affiftance  of  a fourth 
principle.  Thus-the  mutual  decompoAtion  of  Glauber’s  fait  and  common  nitre,  in 
which  the  alkalis  are  changed,  and  vitriolated  tartar  with  quadrangular  nitre  are 
produced,  is  not  conAdered  by  them  as  an  inftance  of  double  decompoAtion  ; be- 
caufe the  nitre  would  have  been  decomposed  by  Ample  eledlive  attradlion,  upon 
the  addition  of  either  of  the  two  principles  of  the  vitriolated  tartar.  But  as  there 
is  no  doubt  that  the  two  principles  effedl  the  decompoAtion  with  much  greater 
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energy,  and  as  this  diftin&ion  does  not  appear  to  be  of  any  ufe,  it  feems  unneeef- 
fary  to  infift  upon  it. 

There  are  various  circumftances  which  modify  the  effects  of  elective  attraction, 
and  have  from  time  to  time  milled  chemifts  in  their  deductions.  The  chief  of 
thefe  is  the  temperature,  which,  aCting  differently  upon  the  feveral  parts  of  com- 
pounded bodies,  feldom  fails  to  alter,  and  frequently  reverfes,  the  effeCts  of  the. 
affinities.  Thus,  if  fpirit  of  wine  be  added  to  the  folution  of  nitre,  it  unites  with 
the  water,  and  precipitates  the  fait  at  a common  temperature.  But  if  the  tempe- 
rature be  raifed,  the  fpirit  rifes  on  account  of  its  volatility,  and  the  fait  is  again 
diffolved.  Thus  again,  if  vitriolic  acid  be  added,  in  a common  temperature,  to  a 
combination  of  phofphoric  acid  and  lime,  it  will  decompofe  the  fait,  and  difengage 
the  phofphoric  acid  ; but  if  this  fame  mixture  of  thefe  principles  be  expofed  to  a 
considerable  heat,  the  vitriolic  acid  will  have  its  attraction  to  the  alkali  fo  much 
diminiflied,  that  it  will  rife,  and  give  place  again  to  the  phofphoric,  which  will 
combine  with  the  lime.  Again,  mercury  kept  in  a degree  of  heat  very  nearly 
equal  to  volatilizing  it  will  abforb  vital  air,  and  become  converted  into  the  red 
calx  called  Precipitate  per  fe  ; but  if  the  heat  be  augmented  dill  more,  the  vital 
air  will  affume  the  elaftic  ftate,  and  fly  off,  leaving  the  mercury  in  its  original 
ftate.  Numberlefs  inftances  of  the  like  nature  continually  prefent  themfelves  to 
the  obfervation  of  chemifts,  which  are  fufficient  to  eftablifh  the  conclufion,  that 
the  elective  attractions  are  not  conftant  but  at  one  and  the  fame  temperature. 

Many  philofophers  are  of  opinion,  that  the  variations  produced  by  change  of 
temperature  arife  from  the  eleCtivq  attraction  of  the  matter  of  heat  itfelf.  But 
there  are  no  decifive  experiments  either  in  confirmation  or  refutation  of  this 
hypothefis. 

If  we  except  the  operation  of  heat,  which  really  produces  a change  in  the  elec- 
tive attractions,  we  fhall  find  that  moft  of  the  other  difficulties  attending  this  fubjeCt 
arife  from  the  imperfeCt  ftate  of  chemical  fcience.  If  to  a compound  of  two  prin- 
ciples a third  be  added,  the  effeCt  of  this  muft  neceffarily  be  different  according  to 
itsquantity,and  likewife  according  to  the  ftate  of  faturation  of  the  two  principles  of 
the  compounded  body.  If  the  third  principle  which  is  added  be  in  excefs,  it  may 
diffolveand  fufpend  the  compound  which  may  be  newly  formed,  and  likewife  that 
which  might  have  been  precipitated.  The  metallic  fohuions,  decompofed  by  the 
addition  of  an  alkali,  afford  no  precipitate  in  various  cafes  when  the  alkali  is  in 
excefs  ; becaufe  this  excefs  diffolves  the  precipitate,  which  would  elfe  have  fallen 
down  It,  on  the  other  hand,  one  of  the  two  principles  of  the  compound  body  be 
in  excefs,  the  addition  of  a third  fub: lance  may  combine  with  that  excefs,  and  leave 
a neutral  fubftance,  exhibiting  very  different  properties  from  the  former.  Thus, 
if  cream  of  tartar,  which  is  a fait  of  difficult  folubility,  confiding  of  the  vegetable 
alkali  united  to  an  excefs  of  the  acid  of  tartar,  be  diffolved  in  water,  and  chalk  be 
added,  the  excefs  unites  with  part  of  the  lime  of  the  chalk,  and  forms  a fcarcely 
foluble  fait;  and  the  neutral  compound  which  remains  after  the  privation  of  this 
excefs  of  acid  is  a very  foluble  fait,  greatly  differing  in  tafte  and  properties  from 
the  cream  of  tartar.  The  metals  and  the  acids  likewife  afford  various  phenomena, 
according  to  their  degree  of  calcination  or  acidification.  A determinate  calcina- 
tion is  in  general  necefl’ary  for  the  folution  of  metals  in  acids  *,  and  the  acids  them- 
felves atft  very  differently,  accordingly  as  they  are  more  or  lefs  acidified.  Thus, 
the  fuming  nitrous  acid  gives  place  to  acids  which  are  weaker  than  the  pale  nitrous 
acid  : the  fulphureous  or  volatile  vitriolic  acid  gives  place  to  acids  greatly  inferior 
in  attractive  power  or  affinity  to  the  denfe  vitriolic  acid,  or  oil  of  vitriol.  The  de- 
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ception  arifing  from  effeCts  of  this  nature  is  in  a great  meafure  produced  by  the 
want  of  diferimination  on  the  part  of  chemical  philofophers ; it  being  evident, 
that  the  properties  of  any  compound  fubftance  depend  as  much  upon  the  propor- 
tion of  its  ingredients,  as  upon  their  refpeCtive  nature. 

The  folubility  or  infallibility  of  principles,  at  the  temperature  of  anyexperi- 
v<ment,  has  likewife  tended  to  miflead  chemifts  of  inferior  accuracy,  who  have  de- 
duced confequences  from  the  firft  effeCts  of  their  experiments.  It  is  evident  that 
many  feparations  may  enfue  without  precipitation  ; becaufe  this  circumftance  does 
not  take  place  unlefs  the  feparated  principle  be  infallible,  or  nearly  fa.  The  mi- 
neral alkali  cannot  be  precipitated  from  a folution  of  Glauber’s  fait  by  theaddition 
of  vegetable  alkali,  becaufe  of  its  great  fallibility ; but,  on  the  contrary,  the  new 
compound  itfelf,  or  vitriolated  tartar,  which  is  much  lefs  foluble,  may  fall  down  if 
there  be  not  enough  water  prefent  to  fufpend  it.  No  certain  knowledge  can  there- 
fore be  derived  from  the  appearance  or  the  want  of  precipitation,  unlefs  the  pro- 
ducts be  carefully  examined.  Jn  fame  inftances  all  the  products  remain  fuf- 
pended,  and  in  others  they  all  fall  down,  as  may  be  inftanced  in  the  decompo- 
fition  of  martial  vitriol  by  lime.  Here  the  acid  unites  with  the  lime,  and  forms 
felenite,  which  is  fcarcely  at  all  foluble  ; and  the  ftill  lefs  foluble  calx  of  iron, 
which  was  difengaged,  falls  down  along  with  it. 

Many  inftances  prefent  themfelves,  in  which  decompof  tion  does  not  take  place, 
but  a fort  of  equilibrium  affinity  is  perceived.  Thus,  the  mineral  alkali,  added 
to  cream  of  tartar,  forms  a triple  fait  by  combining  with  its  excefs  of  acid.  So 
likewife  the  volatile  alkali  combines  with  a portion  of  the  acid  of  corroft ve  fubli- 
mate,  and  forms  the  triple  compound  diftinguilhed  by  the  barbarous  name  of 
Sal  Alembroth. 

When  we  refleCt  maturely  upon  all  the  circumftances  enumerated,  or  flightly 
touched  upon,  in  the  foregoing  pages,  we  may  form  fome  idea  of  the  extenfive  field 
of  refearch  which  yet  remains  to  be  explored  by  chemifts.  If  it  were  poffible  to 
procure  fimple  fubftances,  and  combine  two  together,  and  to  this  combination  of 
two  to  add  one  more  of  the  other  fimple  fubftances,  the  refult  of  the  experiment 
would  in  many  cafes  determine,  by  the  exclufion  of  one  of  the' three,  that  its  af- 
finity to  either  of  the  remaining  two  was  lefs  than  that  between  thofe  two  refpeCt- 
ively.  In  this  way  it  would  be  afeertained,  in  the  progrefs  of  experimental  en- 
quiry, that  the  fimple  attractions  of  a feries  of  fubftances  were  gradually  increaf- 
ing  or  diminifhing  in  ftrength.  Thus,  the  volatile  alkali  feparates  clay  from  the 
vitriolic  acid ; magnefla,  in  like  manner,  feparates  the  volatile  alkali ; lime  pre- 
dominates, in  the  ftrength  of  affinity,  over  magnefia,  as  appears  by  its  feparating 
this  laft  earth  ; the  mineral  alkali  feparates  the  lime,  and  itfelf  gives  place  to  the 
vegetable  alkali ; and,  laftly,  the  vegetable  alkali  yields  its  acid  to  ponderous 
earth.  The  fimple  elective  attractions  of  thefe  feveral  fubftances  to  vitriolic  acid 
are  therefore, in  the  inverted  order  of  their  effeCts ; ponderous  earth  is  the  ftrong- 
eft  ; and  this  is  fucceeded  regularly  by  the  vegetable  alkali,  the  mineral  alkali, 
lime,  magnefia,  volatile  alkali,  and  clay.  It  is  evident  that  refults  of  this  nature, 
being  tabulated,  as  was  firft  done  by  the  celebrated  Geoffroy,  and  laft  of  all  by 
Bergmann,  muft  afford  a moft  valuable  mafs  of  chemical  knowledge.  It  mult  be 
remarked,  however,  that  thefe  refults  merely  indicate  that  the  powers  are  greater 
or  lefs  than  each  other;  but  how  much  greater  or  lefs  is  not  determined,  either 
abfolutely  or  relatively.  Tables  of  this  nature  cannot  therefore  inform  us  of  the 
•effeCts  which  may  take  place  in  the  way  of  double  affinity,  for  want  of  the  nume- 
rical relations  between  the  attracting  powers.  Thus,  when  we  are  in  poffeffion  of 
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the  order  of  the  fimple  elective  attractions  between  the  vitriolic  acid  and  a feries  of 
fubftances,  and  alfo  between  the  nitrous  acid  and  the  fame  fubftances;  and  when,  in 
addition  to  this,  the  refpeCtive  powers  of  each  of  the  acids  upon  every  one  of  the 
fubftances  fingly  taken,  are  known,  fo  far  as  to  determine  which  will  difplace  the 
other — yet  we  cannot  thence  foretel  the  refult  of  applying  two  combinations  to 
each  other,  each  containing  an  acid  united  with  one  of  the  number  of  fimple  fub- 
ftances. Or,  more  concifely,  a table  of  fimple  elective  attractions  can  be  of  no  ufe 
to  determine  the  effects  of  double  eledtive  attraction,  unlefs  the  abfolute  power 
of  the  attractions  be  exprefled  by  number  inftead  of  their  order  merely. 

It  appears  therefore  that  the  prefent  ftate  of  chemiftry  affords  us  no  indication 
by  which  we  may  come  at  the  refults  of  double  eledtive  attraction  without  aCtual 
experiment ; and,  in  this  way,  we  may  afcertain,  whenever  a double  decompo- 
fition  takes  place,  that  the  fum  of  the  attractions  which  tend  to  produce  the  new 
combinations  is  greater  than  the  fum  of  thofe  attractions  which  tend  to  preferve 
the  compounds  in  their  original  form.  But  as  thefe  attractions,  in  the  fimpleft 
cafes,  are  four  in  number,  and  the  effedt  may  arife  from  an  excefs  or  defedt  of  any 
one  of  the  four,  or  may  be  diftributed  in  an  infinity  of  proportions  among  them, 
it  muft  eafily  be  feen  how  numerous  the  difficulties  are  which  attend  thefe  refearches, 
and  what  ample  fpace  is  left  for  exercifing  the  fagacity  of  philofophers  in  chemi- 
cal analyfis. 

There  have  not  been  wanting  a number  of  eminent  philofophers  who  have  ex- 
erted themfelves  in  attempting  to  difcover  data  by  which  the  phenomena  of  che- 
miftry might  be  fubjeCted  to  computation  ; and  though  the  difficulty  of  the  fubjeCt 
has  hitherto  prevented  any  thing  of  a conclufive  nature  from  being  done,  their 
refearches  have  nevertheless  thrown  great  light  on  the  fubjeCt.  Mr.  de  Morveau 
firft  attempted  to  afcertain  the  proportional  powers  of  attraction  between  mer- 
cury and  other  metals,  by  determining  the  quantity  of  weight  or  re-aCtion  nectf- 
fary  to  feparate  a metallic  furface  of  known  dimenfions  from  its  contaCt  with  the 
face  of  this  fluid.  This  method  however  cannot  be  extenfively  applied  in  che- 
mical purfuits.  Mr.  Wenzel,  by  a feries  of  experiments  in  which  metallic  cylin- 
ders of  fimilar  dimenfions,  coated  on  all  fides  with  a proper  varnifh  or  covering 
excepting  at  the  bafe,  were  expofed  to  the  aCtion  of  nitrous  acid,  thought  himfelf 
authorized  to  conclude  that  the  affinities  of  bodies  with  a common  folvent  are 
inverfely  in  proportion  to  the  time  neceffary  for  their  folution  j or,  which  is  the 
fame  thing,  direCtly  in  proportion  to  the  quantities  diffolved  in  equal  fmall  por- 
tions of  time.  It  is  very  probable  that  this  conclufion  would  prove  true,  if  we 
could  make  our  experiments  with  fimple  fubftances ; but  as  this  is  not  the  cafe, 
his  deduction  cannot  be  applied. to  various  fluids.  For  if  we  admit  it  to  be  true 
with  regard  to  his  experiments  with  the  nitrous  acid,  it  will  not  follow  that  his 
confequences  can  be  applied  to  the  marine  acid ; becaufe  a foreign  circumftance 
intervenes,  and  modifies  the  attractions.  The  nitrous  acid  is  eafily  decompofed, 
readily  calcines  metals,  and  fpeedily  diffolves  them  when  calcined.  The  marine 
acid  appears  to  be  fcarcely,  if  at  all,  decompofable  in  our  experiments;  and  therefore 
aCts  flowly,  and  in  fome  inftances  not  at  all,  upon  metallic  fubftances.  Yet  from  the 
true  teft  of  fuperior  affinity,  namely,  the  decompofing  of  compounds  already  formed, 
the  attraction  of  the  marine  acid,  flow  as  its  effects  are,  often  proves  ftronger  than 
that  of  the  nitrous,  from  which  it  feparates  many  metallic  bafes.  It  may  likewife 
be  obferved,  even  with  regard  to  the  nitrous  acid,  that  the  effeCts  not  being  fimple, 
are  likewife  modified  by  the  attraction  of  the  metal  for  vital  air,  or  its  difpofition 
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to  part  with  phlogifton  ; or  in  a word,  to  lofe  fight  of  the  two  theories,  its  difpofitioit 
to  become  calcined.  On  this  account,  though  tin  or  antimony  are  very  rapidly  at- 
tacked by  the  nitrous  acid  ; they  give  place,  neverthelefs,  in  the  way  of  precipita- 
tion, to  lead,  .which  is  much  more  llowly  diffolved.  And  accordingly  it  is  found 
that  Mr.  Wenzel’s  numbers,  expreffive  of  the  powers  of  attradion,  do  not  agree- 
with  the  real  experiments  of  double  affinity. 

Mr.  Kirwan,  to  whofe  extenfive  refearches  the  fcience  of  chemiftry  is  fo  greatly 
indebted,  has  attended  with  peculiar  fagacity  to  almoft  every  attribute  of  chemical 
compounds,  with  a view  to  obtain  that  moftdefirable  acquisition,  the  proportional 
ftrength  of  affinity.  His  Papers,  which  were  read  to  the  Royal  Society  as  early 
as  the  years  1781  and  1782,  are  ftill  of  the  high  eft  value  to  chemifts  ; though  all 
the  difficulties  of  the  fubjed  were  far  from  being  as  well  known  at  that  period  as 
they  are  at  prefent.  In  confequence  of  Dr.  Prieftley’s  difcovery  of  the  method  of 
exhibiting  the  marine  acid  in  the  aeriform  ftate,  he  proceeded  to  infer  the  quantities 
of  real  acid  correfponding  with  the  various  denfities  or  fpecific  gravities  of  the 
marine  acid.  From  thefe  data,  proceeding  upon  the  fuppofition  that  equal  quan- 
tities of  the  nitrous  and  vitriolic  acids  were  required  to  faturate  the  fame  quantity 
of  fixed  alkali  as  was  faturated  by  the  marine  acid,  he  formed  tables- of  the  quan- 
tities of  real  acid  contained  in  thofe  fluid  acids,  at  different  denfities.  He  pro- 
ceeded to  make  experiments  for  afcertaining  the  quantities  of  real  acid  (upon  this 
fuppofition,  together  with  an  induction  of  the  bales  and  water)  contained  in  the 
earthy  and  alkaline  falts  : after  which  he  proceeded  to  enquire  into  the  quantities  of 
phlogifton  contained  in  the  feveral  kinds  of  air,  previoufly  exhibiting  feveral  co- 
gent reafons  for  confidering  pure  inflammable  air  as  phlogifton,  or  the  inflam- 
mable principle.  Thefe,  as  being  foreign  to  our  prefent  objed,  we  pafs  over;  and 
haften  to  the  moft  interefting  part  of  his  third  or  conclufive  Paper. 

After  examining  the  effeds  of  the  mineral  acids  upon  metallic  fubftances,  and 
flightly  confidering  what  had  been  previoufly  done  by  Bergmann,  Geoffroy,  Morveatq 
and  Wenzel,  he  lays  it  down  as  an  axiom,  that  the  quantity  of  real  acid  neceffary 
to  faturate  a given  weight  of  each  balls,  is  inverfely  as  the  affinity  of  each  balls  to 
fuch  acid  ; and  alfo,  that  the  quantity  of  each  balls  requifite  to  faturate  a given 
quantity  of  each  acid,  is  diredly  as  the  affinity  of  fuch  acid  to  each  bafis* 

He  then  exhibits  a table  in  which  equal  quantities  of  the  three  ancient  mineral 
acids  are  ftiewn  to  take  up  various  quantities  of  the  feveral  bafes,  mineral  alkali; 
calcareous  earth,  volatile  alkali,  magnefia,  and  earth  of  alum  ; the  quantities  of  ve- 
getable alkali  being  equal  in  all  three  : becaufe,  by  his  fuppofition,  the  quantifies 
of  real  acid  are  taken  to  be  as  the  quantities  of  this  fubftanoe  they  are  capable  of 
faturating.  He  then  goes  further,  and  affumes  the  numerical  expreffion  of  the 
quantity  of  any  bafis  taken  up  by  an  acid,  as- the  expreffion  of  its  affinity  with  fuch 
balls ; and,  on  this,  foundation,  he  goes  on  to  calculate  the  effeds  of  double  de- 
compofitions  and  combinations.  In  thefe,  he  diftinguilhes  the  powers  which  tend 
to  decompofe  by  the  name  of  Divellent  Affinities ; and  thofe  which  tend  to  pre- 
ferve  the  original  combinations,  he  calls  Quiefcent  Affinities*  Thus,  fince  a de- 
compofition  will  always  take  place  when  the  fum  of  the  divellent  affinities  is  greater 
than  that  of  the  quiefcent;  and,  on  the  contrary,  fince  no  decompofition  will  happen 
when  the  fum  of  the  quiefcent  affinities  is  fuperior  or  equal  to  that  of  the  divel- 
lent : all  we  have  to  do  therefore  is  to  compare  the  fums  of  thefe  powers.  In  this 
way,  by  the  affiftance  of  his  general  principle,  he  exhibits  various  inftances  of  the 
application  of  this  dodrine.  For  example,  if  vitriolated  tartar  and  the  nitrous 
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fait  of  lime  be  mixed  together,  a double  decompofition  will  take  place  ; the  lime 
quitting  the  nitrous  acid,  and  forming  felenite  with  the  vitriolic  acid  ; at  the  fame 
time  that  the  vegetable  alkali  quits  this  laft  acid,  and  forms  nitre  by  uniting  with 
the  nitrous  acid.  And,  on  Mr.  Kirwan’s  principles,  this  is  explained  as  follows : 

One  hundred  grains  of  his  real  vitriolic  acid  diffolve  two  hundred  and  fifteen  grains 
of  vegetable  alkali  5 its  attraction  to  the  alkali  will  therefore  be  expreffed  by  the 
number  215.  Again,  one  hundred  grains  of  real  nitrous  acid,  likewife  eflimated 
by  Mr.  Kirwan’s  original  fuppofition,  will  diffolve  96  grains  of  calcareous  earth  to 
faturation  : the  affinity  of  nitrous  acid  to  calcareous  earth  is  therefore  taken  to  be 
96.  Thefe  affinities,  namely  of  the  vitriolic  acid  to  the  alkali,  and  of  the  nitrous 
acid  to  the  earth,  tend  to  preferve  the  combinations,  and  confequently  are  the 
quiefcent  affinities ; and  their  fum  amounts  to  215,  added  to  96,  that  is,  3 1 1 . On 
the  other  hand,  the  nitrous  acid  tends  to  combine  with  the  vegetable  alkali  with 
the  fame  power  as  the  vitriolic,  becaufe  Mr.  Kirwan  has  affumed  that  the  ten- 
dency towards  this  fubftance  is  alike  in  all  acids,  or  at  leaf!;  in  the  three  mineral 
acids  ; this  affinity  therefore  is  expreffed  by  215.  But  the  other  divellent  affinity, 
namely  that  of  vitriolic  acid  to  calcareous  earth,  being  expreffed  by  the  quantity 
of  that  fubftance  which  one  hundred  grains  of  the  real  vitriolic  acid  takes  up  to 
faturation,  will  be  denoted  by  ito.  The  divellent  affinities  confequently  amount 
to  215  added  to  noj  that  is,  325.  And  becaufe  this  divellent  power,  325,  is  greater 
than  the  quiefcent  power  31 1,  a decompofition  will  take  place. 

After  explaining  and  elucidating  the  effects  of  folubility,  and  the  fpecific  heats 
of  fubftances,  on  the  aCtion  of  chemical  affinity,  this  author  proceeds  to  exhibit  the 
attractive  powers  of  the  three  mineral  acids  to  metallic  fubftances  in  his  way  ; that 
is,  by  afcertaining  how  much  of  each  is  taken  up  by  a hundred  grains  of  his  real 
acid.  Ido  not  give  thefe  numbers,  though  they  exhibit  valuable  fadts  j becaufe 
much  remains  yet  to  be  done  before  Mr.  Kirwan’s  deductions  refpedting  the  quan- 
tities of  real  acid,  and  the  meafures  of  affinity,  can  be  admitted  as  eftablifhed 
parts  of  chemical  theory. 

In  the  firft  place,  as  Mr.  Kirwan  himfelf  obferves,  there  can  be  no  deduction 
made  of  the  quantities  of  real  acid  from  the  quantities  of  vegetable  alkali  which 
acids  of  various  kinds  faturate,  if  it  Ihould  appear  that  the  attractions  of  thefe  acids 
towards  that  fubftance  Ihould  differ  as  well  as  their  quantities.  And  this  fuppofi- 
tion, that  they  do  not  differ,  is  not  only  gratuitous,  but  inconfiftent  with  the  general 
tenour  of  chemical  fadts ; among  which  it  would  be  difficult,  and  perhaps  impoffible, 
to  exhibit  by  experiment  three  fubftances  poffeffing  precifely  or  nearly  the  fame 
attraction  to  a fourth  fubftance.  It  maybe  eafily  imagined  what  confufion,  or  va- 
riation of  refult,  would  have  arifen  through  the  whole  of  Mr.  Kirwan’s  inferences, 
if  he  had  affumed  the  mineral  alkali  inftead  of  the  vegetable,  as  the  foundation  of 
his  admeafurement ; and  ftill  more,  if  calcareous  earth  or  magnefia  had  been  thus 
affumed  : none  of  which  fubftances,  for  any  thing  which  has  been  alleged  10  the 
contrary,  are  entitled  either  to  reception  or  exclufton  in  founding  this  fyftem.  It 
may  alfo  be  obferved,  that  the  original  meafure  of  the  real  acids  being  founded 
upon  the  fuppofition,  that  marine  acid  air  contains  no  watery  and  as  this  fuppo- 
fition can  by  no  means  be  admitted  fince'  the  later  experiments  of  Dr.  Prieftley, 
from  which  it  is  rendered  highly  probable,  that  water  compofes  a large  proportion 
of  every  aeriform  fubftance  ; the  real  marine  acid  of  Mr.  Kirwan  is  no  more  a pure 
and  determinate  fubftance  than  any  other  marine  acid  of  a known  temperature  and 
fpecific  gravity. 

•It  might  perhaps  be  rendered  probable, from  the  fuccefsful  application  of  Mr.  Kir- 
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waffs  numbers  to  the  faCts  of  compound  affinities,  that  the  principle  of  the  quantities 
diffolved  might  prove  much  more  ufeful  than  Wenzel’s  principle  of  the  times  of 
the  folutions,  if  it  were  not  that  all  the  deductions  are  vitiated  by  the  admiffion  of 
quantities  of  fuppofed  real  acid,  the  uncertainty  of  which  prevents  our  difcerning 
how  far  the  principle  is  or  is  not  applicable.  It  may  be  obferved,  however,  that 
the  value  of  this  principle,  whatever  it  may  prove,  mud  be  afcertained  by  experi- 
ment only,  and  not  at  all  by  reafoning,  which  cannot  be  applied  in  this  cafe  : for  the 
fundamental  affertion,  that  the  attraction  of  an  acid  to  its  bafis  is  proportionate  to 
the  quantity  it  demands  for  faturation,  is  fo  far  from  being  founded. upon  any  ar- 
gument, that  it  is  evidently  nugatory.  The  attraction  of  an  acid  to  its  bafis  cannot 
but  be  the  fame  as  that  of  the  bafis  to  the  acid ; becaufe  aCtion  and  re-aCtion  are 
equal.  We  might  therefore  affirm  that  the  attraction  of  magnefia  to  vitriolic 
acid  is  greater  than  that  of  calcareous  earth  to  the  fame  acid,  becaufe  it  requires 
one- fourth  more  of  that  acid  for  its  faturation  ; upon  the  fame  foundation  as  Mr. 
Kirwan  afferts  the  contrary,  becaufe  a given  quantity  of  vitriolic  acid  takes  up 
more  calcareous  earth  than  it  does  of  magnefia.  And  there  are  not  wanting  a 
fufficient  number  of  inflances  of  acids,  weak  in  attractive  power,  which  require 
much  alkali  for  their  faturation,  or,  in  other  words,  which  are  taken  up  by  alkalis 
in  fmall  quantities  only. 

I have  not  the  leaft  doubt  but  that  Mr.  Kirwan  himfelf  has  long  fince  perceived 
thefe  objections  to  the  theory  he  brought  forward  fo  long  ago  ; and  it  might  per- 
haps have  appeared  unneceffary  to  enter  into  any  difcuffion  of  an  attempt  which, 
though  not  fuccefsful  throughout,  has  procured  him  all  the  honour  which  his  affi- 
duity  of  refearch,  and  powers  of  inveftigation,  are  juftly  entitled  to,  if  it  did  not 
feem  highly  probable  that  the  numerical  expreffions  of  the  powers  of  chemical  at- 
traction, whenever  they  (hall  be  obtained,  will  be  derived  from  fome  method  de- 
pendant on  the  general  faCts  he  then  undertook  to  explain.  The  time  required  to 
effect  any  change  of  combination,  the  correfpondent  change  of  temperature,  of  fpe- 
eific  gravity,  of  confiftency,  fluidity,  or  elafticity,  and  the  relative  quantities  ofprin- 
ciples  required  to  produce  the  molt  perfeCt  faturation,  or  to  produce  a compound 
the  moft  remote  in  its  properties  from  thofe  of  the  principles  themfelves,  are  among 
the  objeCts  which  require  the  fteady  attention  of  thofe  comprehenfive  minds  which 
are  capable  of  deducing  remote  analogies,  and  tracing  the  general  laws  of  Nature. 
Mr.  Kirwan  is  among  the  firftwho,  by  duly  attending  to  thefe,  has  placed  them  in 
their  true  point  of  importance ; and  whoever  may  deduce  their  mutual  relations  in 
future,  they  will  have  occafion  to  acknowledge  their  obligation  to  his  inftruCtive 
works., 

Thus  far  we  have  confidered  the  means  of  inveftigating  and  explaining  the  che- 
mical affinities  or  attractions ; in  which  two  leading  things  are  required  to  be  done, 
namely, the  making  of  judicious  and  well-direCted  experiments,  and  the  deduction 
of  proper  inferences  from  them.  Moft  of  the  errors  of  chemifts,  and  indeed  of 
the  cultivators  of  any  fcience,  arife  from  the  fubjeCt  being  viewed  in  too  confined 
a light ; fo  that  fome  effential  objeCt  is  overlooked.  Nothing  can  be  clearer  than 
that  the  more  Ample  the  defcription  or  enunciation  of  thefe  objeCts,  thelefsthe  mind 
will  be  burthened,  and  the  lefs  probable  it  will  be  that  any  thing  of  importance 
will  be  overlooked.  Hence  the  advantage  of  a concife,  Ample,  and  accurate  ftyle, 
which  may  direCt  the  mind  fteadily  to  the  fubjeCt  in  contemplation,  without  mif- 
leading  by  ambiguous  terms,  or  the  language  of  the  vulgar,  which  is  applicable  to 
fo  many  and  fuch  various  ideas.  The  advantages  of  this  are  ftrongly  felt  in  the 
mathematical  fciences,  where  by  diagrams  exhibited  to  the  eye,  by  terms  conftantly 
& appro- 
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appropriated  to  the  expreflion  of  the  fame  ideas,  or  by  fymbols  whofe  quantity, 
value,  and  application  vary  with  their  relative  pofitions,  the  mind  is  occupied  with 
no  other  objects  than  fuch  as  tend  to  forward  the  defired  inveftigation.  This 
has  in  fome  degree  been  effected  in  chemical  fcience  by  Geoffroy,  in  his  firft  table 
of  Simple  Eleiftive  Attractions ; by  Bergmann,  in  his  Symbolical  Expreflion  of 
the  Effects  of  Compound  Attractions ; and  by  others,  in  their  tables  of  the  Com- 
ponent Parts  of  Bodies.  A defeription  of  the  tables  contained  in  the  enfuing 
pages,  will  fufficiently  explain  their  nature  and  application. 

Tables  I.  to  VI.  contain  in  fubftance  the  two  tables  of  AttraEliones  EleEHva  Sim - 
plices,  placed  at  the  end  of  Bergmann’s  Treatife  upon  Elective  Attractions,  of 
which  a feparate  tranflation  was  publifhed  in  London,  in  the  year  1785.  I have 
not  made  any  alteration,  except  fuch  as  has  tended  to  facilitate  the  infertion  of  them 
in  their  regular  pages  of  the  book,  inftead  of  adopting  the  much  lefs  convenient 
method  of  printing  upon  a large  fheet,  to  be  occafionally  folded  out.  It  will  be 
feen  therefore  that  I have  avoided  repetitions,  and  altered  .the  arrangement  of  the 
columns ; but  have  in  no  material  refpeCt  changed  the  fubftance  of  the  table 
itfelf,  excepting  that  the  perlate  acid,  vital  air,  the  matter  of  heat,  and  fiderite,  are 
left  out.  The  perlate  acid  is  now  well  known  to  confift  of  phofphoric  acid  united 
to  a certain  quantity  of  mineral  alkali ; and  the  femi-metal  fiderite  is  known  to 
confift  of  the  fame  acid  united  to  iron.  Vital  air,  in  the  tables  of  Bergmann,  is 
fuppofed  to  have  an  affinity  to  phlogifton  only  ; and  the  matter  of  heat,  which  oc- 
cupied a column,  containing  eight  fubftances,  arranged  conjeCturally,  is  left  out, 
becaufe  of  the  doubt  whether  heat  be  a feparate  matter,  or  a mere  modification ; 
and  alfo  becaufe  the  table  of  comparative  heats  or  capacities  may  perhaps  indicate 
the  affinities  of  this  fubftance,  if  it  be  a fubftance,  better  than  any  other  table.  (&<? 
Heat.)  The  fame  reafons  which  induced  me  to  retain  the  tables  as  Bergmann 
left  them,  when  I publilhed  my  Firft  Principles  of  Chemiftry,  namely,  that  they 
might  continue  to  be  Bergmann’s  tables — and  that  the  compilation  of  new 
tables  of  affinity  would  require  a feparate  correfpondent  treatife,  to  afeertain  the 
degree  of  dependance  to  which  each  column  might  be  entitled — ftill  retain  their 
efficacy ; and  they  are  even  rendered  more  cogent,  from  my  obferving  that  Mr.. 
Morveau  has  thought  proper  to  do  the  fame  in  the  Encyclopedic  Methodique. 

Thefe  tables  require  no  other  explanation,  than  that  the  fubftances  enumerated 
are  confidered  to  be  fimple,  as  far  as  relates  to  the  faCts  exhibited  in  thefe  fketches. 
The  order  of  pofition  denotes  that  the  higher  any  fubftance  ftands  in  any  column, 
the  ftronger  is  its  elective  attraction  to  the  fubftance  at  the  head  of  that  column. 
The  under  part  of  each  table  exhibits  the  attractions  in  the  dry  way,  and  muft  be 
confidered  as  entirely  diftinCt  from  the  upper  part.  The  horizontal  lines  between 
the  fubftances  denote  that  their  pofitions,  or  comparative  powers  of  attraction,  are 
well  determined  ; and,  whenever  thefe  lines  are  wanting,  the  pofitions  are  more  or 
lefs  conjectural. 
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TABLE  I.  Simple  Ele£Uve  Attractions, 
ACIDS. 


In  the  Humid  Way. 
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II.  Simple  Ele&ivs.  Attractions, 
ALKALIS  AND  EARTHS. 


IN  THE  HUMID  WAY. 

V'eg.  Alkali. 

Min.  Alkali. 

Clay. 

Lime. 

Barytes. 

Magnesia. 

Vitriolic  acid 

V itriolic'  acid 

Acid  of  fug  a r 

Vitriolic  acid 

Acid  of  fugar 

Nitrous  acid 

This  alkali  a- 
grees  with'  the 

Nitrous  acid 

Vitriolic  acid 

Acid  of  fugar 

Phofphor.  acid 

Marine  acid 

Marine  acid 

Acid  of  tartar 

Acid  of  amber 

Vitriolic  acid 

Acid  of  fat> 
Acid  of  fpar 
Phofphor.  acid 
A.  of  fugar 
A.  of  tartar 
A.  of  arfenic 

order  of  its  at- 
tractions, both  in 
the  humid  and 
the  dry  way. 

Acid  of  fugar 
Arfenical  acid 
Sparry  acid 
Acid  of  fat 
Acid  of  tartar- 
A.  of  amber 

Acid  of  amber 
Phofphoric  acid 
A.  of  f.  of  milk 
Nitrous  acid 
Marine  acid 
Acid  of  fat 

Acid  of  fpar 
Phofphor.  acid 
A . of  f.  of  milk 
Nitrous  acid 
Marine  acid 
Acid  of  fat 

Acid  of  fpar 
Acid  of  fat 
Acid  of  arfenic 
A.  of  f.  of  milk 
Acid  of  amber 
Nitrous  acid 

A.-  of  amber 
A.  of  lemon  . 
A.  of  ants 
A.  of  milk 
A.  of  benzoin 
Acetous  acid 
A.  of  f.  of  milk 
Acid  of  borax 
Vol.  vitr.  acid 
Fuming  nitr.  a. 

Vol.  Alkali.- 

This  alkali  a- 
grees  - with  the 
vegetable  in  the 
order  of  its  at- 
tractions,both  in 
the  humid  and 
dry  way  : but 
mere  heat  ex- 

A. of  f.  of  milk 
Acid  of  lemon- 
Phofphoric  acid 
Acid  of  ants 
Acid  of  milk 
Acid  of  benzoin 
Acetous  acid 
Acid  of  borax 
Vol.  vitr.  acid 
Fuming  nitr.  a. 

Add  of  fpar 
Acid  of  arfenic. 
Acid  of  ants 
Acid  of  milk 
Acid  of  lemons 
A.  ofbenzoin 
Acetous  acid  • 
Acid  of  borax 
Vol.  vitr.  acid 
Fuming  nitr.  a. 

Acid  of  lemon 
Acid  of  tartar 
Acid  of  arfenic 
Acid  of  ants 
Acid  of  milk 
A.  of  benzoin 
Acetous  acid 
Acid  of  borax 
Vol.  vitr.  acid 
Fuming  nitr.  a. 

Marine  acid 
Acid  of  tartar 
Acid  of  lemon 
Acid  of  ants 
Acid  of  milk 
Acid  ofbenzoin 
Acetous  acid 
Acid  of  borax 
Vol.  vitr.  acid 
Fuming  nitr.  a. 

Fixed  air 

Fixed  air 

Fixed  air 

Fixed  air 

Fixed  air 

Pruffian  acid 
Water 

pels  it  from  the 
acids  of  phof- 
phorus,  borax, 
and  arfenic. 

Pruffian  acid 

Pruffian  acid 
Water 

Pruffian  acid 
Water 

Pruffian  acid 

Fat  oils 

Eat  oils 

Fat  Oils 

Sulphur 

Sulphur 
Metallic  calces 

Sulphur 

Sulphur  : 

IN  THE  DRY  WAY. 

Phofphor.  acid 

Phbfphor.  acid 

Phofphor.  acid 

Phofphor.  acid 

Phofphor.  acid 

Acid  of  borax 

Silex. 

A.  of  borax 

A.  of  borax 

A.  of  borax 

A.  of  borax- 

Acid  of  arfenic 

A.  of  arfenic 

A.  of  arfenic 

A.  of  arfenic 

A.  of  arfenic 

Vitriolic  acid 

In  the  Humid 

Vitriolic  acid 

Vitriolic  acid 

Vitriolic  acid 

Vitriolic  acid 

Nitrous  acid 

Way. 

Nitrous  acid 

A.  of  amber 

A.  of  amber 

A.  of  fpar 

Marine  acid 

A.  of  fpar 
Vegetable  alkali 

Marine  acid 

Nitrous  acid 

A.  of  fpar 

A.  of  fat 

Acid  of  fat 

A.  of  fpar 

Marine  acid 

Nitrous  acid 

A.  of  amber 

Acid  of  fpar 
Acid  of  amber 

A.  of  fat 

A.  of  fat 

Marine-acid 

Nitrous  acid 

In  theDRyWAY 

A.  of  amber 

A.  of  fpar 

A.  of  fat 

Marine  acid 

Acid  of  ants 

A.  of  ants 

A.  of  ants 

A.  of  ants 

A.  of  ants 

Acid  of  milk 

Fixed  alkali 

A.  of  milk 

A.  of  milk 

A.  of  milk 

A.  of  milk 

Acid  of  benzoin 

Phofphor.  acid 

A;  ofbenzoin 

A.  ofbenzoin 

A.  ofbenzoin 

A.  ofbenzoin 

Acetous  acid 

Calx  of  lead 

Acetous  acid 

Acetous  acid 

Acetous  acid 

Acetous  acid 

Barytes 

Fixed  alkali 

Fixed  alkali 

Fixed  alkali 

Fixed  alkali 

Lime 

Sulphur 

Sulphur 

Sulphur 

Sulphur 

Magnefia 

Clay 

Silex 

Sulphur 

Calx  of  lead 

Calx  of  lead 

Calx  of  lead 

Calx  of  lead 
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TABLE  III. 

Simple  Elective  Attra&ions. 
COMBUSTIBLE  SUBSTANCES  AND  WATER. 


IN  THE  HUMID  WAY. 

Water. 

Sulphur. 

Saline  Liver 
of  Sulphur. 

Ardent  Spirit. 

Ether. 

Vegetable  alkali 

Ealx  of  lead 

Ealx  of  gold  1 

Water 

Ardent  fpirit 

Mineral  alkali 

J.  of  tin 

C.  of  fdver 

Ether 

Effential  oils 

Volatile  alkali 

2.  of  filver 

C.  of  mercury  ] 

Effential  oils 

Expreffed  oils 

Ardent  fpirit 

2.  of  mercury 

C.  of  arfenic 

Volatile  alkali 

Water 

Mild  volatile  alk. 

2.  of  arfenic 

C.  of  antimony  ] 

Fixed  alkali 

Sulphur 

Glauber's  fait 

C.  of  antimony 

C.  of  bifmuth  1 

Saline  hepar 

Ether 

C.  of  iron 

C.  of  copper  • 

Sulphur 

Vegetable  alkali 

C.  of  tin 

Volatile  alkali 

C.  of  lead 

Barytes 

C.  of  nickel 

Lime 

C.  of  cobalt 

Expressed  Oil. 

Essential  Oil. 

Magnelia 

C.  of  manganefe 

Vitriolic  acid 

C.  of  iron 

Ether 

Ether 

Vitriolated  tartar  j 

Fat  Oils 

Effential  oils 

Ardent  fpirit 

Alum 

EfTential  Oils 

Ardent  fpirit 

Fixed  alkalis 

Fat  oils 

Martial  vitriol 

Ether 

Water 

Vol.  alkali 

Fixed  alkalis 

Corrofive  fublimate 

Ardent  fpirit 

Sulphur 

Sulphur 

IN  THE  DRY  WAY. 

Fixed  alkalis 

Manganefe 

Iron 

Iron 

Copper 

Copper 

Tin 

Tin 

Lead 

Lead 

Silver 

Silver 

Cobalt 

Gold 

Nickel 

Antimony 

Bifmuth 

Cobalt 

Antimony 

Nickel 

Mercury 

Bifmuth 

Arfenic 

Mercury 

Arfenic 

ATT 
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TABLE  IV.  Simple  Elective  Attradions. 
PHLOGISTON  AND  METALS. 


IN  THE  HUMID  WAY. 


Phlogiston. 

Calx  of  Gold. 

C.  of  Silver. 

C.  of  Platina. 

C.  of  Mercury 

C.  of  Lead. 

Nitrous  acid 

Ether 

Marine  acid 

Ether 

Acid  of  fat 

Vitriolic  acid 

Vitriolic  acid 

Marine  acid 

Acid  of  fat 

Marine  acid 

Marine  acid 

Acid  of  fat 

Dephl.  marine  a • 

Aqua  regia 

Acid  of  fugar 

Aqua  regia 

Acid  of  fugar 

A.  of  f.  of  milk 

Arfenical  acid 

Nitrous  acid 

Vitriolic  acid 

Nitrous  acid 

Acid  of  amber 

A.  of  fugar 

Phofphor.  acid 

V itriolic  acid 

A.  of  f.  of  milk 

Vitriolic  acid 
Arfenical  acid 

Arfenical  acid 

Arfenical  acid 

Arienical  acid 

Phofphor.  acid 

Phofphoric  acid 

Acid  of  tartar 

C.  platina 
C.  gold 

Sparry  acid 
Acid  of  tartar 
Phofphor.  acid 
Acid  of  fat 
Pruflian  acid 

Nitrous  acid 
Arfenical  acid 

Sparry  acid 
Acid  of  tartar 
Phofphor.  acid 
Acid  of  fat 
Acid  of  fugar 
Acid  of  lemons 
Acid  of  ants 
Acid  of  milk 
Acetous  acid 
Acid  of  amber 

Vitriolic  acid 
A.  of  f.  of  milk 

Phofphor.  acid 
Marine  acid 

C.  lilver 

Sparry  acid 

Acid  of  tartar 
Acid  of  lemon 
Nitrous  acid 
Sparry  acid 
Acetous  acid 
Acid  of  borax 
Pruflian  acid 
Fixed  air 

Nitrous  acid 

C.  mercury 

Acid  ot  tartar 

Sparry  acid 

C.  arfenic 

Acid  ot  lemon 
Acid  of  ants 
Acid  of  milk 
Acetous  acid 
Acid  of  amber 
Pruflian  acid 
Fixed  air 

Vol.  alkali 

Acid  of  lemons 

C.  antimony 

Acid  of  ants 

C.  bifmutli 

Acid  of  milk 

C.  copper 

Acetous  acid 

C.  tin 

Acid  of  borax 

C.  lead 

Pruflian  acid 

C.  nickel 
C.  cobalt 

Fixed  alkali 

Fixed  air 
Fixed  alkali 

C.  manganefe 

Vol.  alkali 

C.  iron 

C.  zinc 

JN.  b.  In  tne  antipmogiltic 
theory,  the  column  intitled  Phlo- 
gi/lon  being  taken  in  a reverfed 
order,  will  exprefs  the  elective 
attractions  of  Vital  Air. 

Water 

IN  THE  DRY  WAY. 

Gold. 

Silver. 

Platina. 

Mercury. 

Lead. 

C.  of  platina 

Mercury 

Lead 

Arfenic 

Gold 

Gold 

C.  gold 

Acid  of  arfenic 

Copper 

Copper 

Gold 

Silver 

Silver 

Silver 

Mercury 

Copper 

Platina 

Copper 

C.  filver 

Lead 

Bifmuth 

Tin 

Lead 

Mercury 

C.  mercury 

Bifmuth 

Tin 

Bifmuth 

Tin 

Bifmuth 

C.  arfenic 

Tin 

Gold 

Zinc 

Zinc 

Tin 

C.  antimony 

Antimony 

Antimony 

Antimony 

Bifmuth 

Antimony 

C.  bifmuth 

Iron 

Iron 

Nickel 

Copper  k 

Platina 

C. copper 

Platina 

Manganefe 

Cobalt 

Antimony 

Arfenic 

C.  tin 

Zinc 

Zinc 

Manganefe 

Arfenic 

Zinc 

C.  lead 
C.  nickel 
C.  cobalt 
C.  manganefe 

Nickel 

Arfenic 

Cobalt 

Manganefe 

Arfenic 

Nickel 

Platina 

Iron 

Lead 

Silver 

Mercury 

Iron 

Nickel 

Iron 

C.  iron 
C.  zinc 

Sa.  liv.  of  fulph. 

S.  I.  of  fulph. 
Sulphur 

S.  1.  of  fulphur 

S.  1.  of  fulph. 
Sulphur 

S.  1.  of  fulphur 
Sulphur 

z 
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TABLE  V.  Simple  Ele&ive  Attradions. 
METALLIC  SUBSTANCES. 


IN  THE  HUMID  WAY. 


Calx  of 
Copper. 

Calx  of  Iron. 

Calx  of  Tin. 

Calx  of  Bis- 
muth. 

Calx  of 
Nickel. 

Calx  of 
Arsenic. 

Acid  of  fugar 

Acid  of  fugar 
Acid  of  tartar 

Acid  of  fat 

Acid  of  fugar 
Acid  of  arfenic 
Acid  of  tartar 
Phofphor.  acid 
Vitriolic  acid 
Acid  of  fat 
Marine  acid 
Nitrous  acid 
Fluor  acid 

Acid  of  fugar 
Acid  of  forrel 

Marine  acid 

Acid  of  tartar 
Marine  acid 
Vitriolic  acid 

Acid  of  tartar 

Acid  of  fugar 

Vitriolic  acid 
A.  of  f.  of  milk 
Marine  acid 
Nitrous  acid 

Marine  acid 
Vitriolic  acid 
Acid  of  fugar 
Arfenical  acid 
Phofphor.  acid 
Nitrous  acid 
Acid  of  amber 
Sparry  acid 
A.  of  f.  of  milk 
Acid  of  lemons 
Acid  of  ants 
Acid  of  milk 
Acetous  acid 
Acid  of  borax 
Prufiian  acid 

Fired  alkali 
Vol.  alkali 

Marine  acid 
Vitriolic  acid 
Acid  of  tartar 
Nitrous  acid 

Vitriolic  acid 

Nitrous  acid 

A.  of  f.  of  milk 
Nitrous  acid 

Acid  of  fat 
Acid  of  tartar 
Phofphor.  acid 
Acid  of  forrel 
Fluor  acid 
A.  of  f.  of  milk 
Acid  of  amber 
Acid  of  lemon 
Acid  of  ants 
Acid  of  milk 
Arfenical  acid 
Acetous  acid 

Prufiian  acid 

Volatile  alkali 
Unftuous  oils 

Water 

Acid  of  fat 
Arfenical  acid 
Phofphor.  acid 
Acid  of  amber 
Sparry  acid 
Acid  of  lemon 
Acid  of  ants 
Acid  of  milk 
Acetous  acid 
Acid  of  borax 
Prufiian  acid 

Acid  of  fat 
Phofphor.  acid 
Arfenical  acid 
Sparry  acid 
Acid  of  amber 
Acid  of  lemons 
Acid  of  ants 
Acid  of  milk 

Acid  of  fat 
Phofphor.  acid 
Fluor  acid 
A.  of  f.  of  milk 
Acid  of  amber 
Acid  of  lemon 
Acid  of  ants 
Acid  of  milk 
Acetous  acid 

Acetous  acid 
Acid  of  borax 
Prufiian  acid 

Arfenical  acid 
Acid  of  borax 
Prufiian  acid 

Fixed  air 
Fixed  alkali 
jVol.  alkali 
Fat  oils 

Fixed  air 

Aerial  acid 
Volatile  alkali 

IN  THE  DRY  WAY. 

Copper. 

Iron. 

Tin. 

Bismuth. 

Nickel. 

Arsenic. 

Gold 

Nickel 

Zinc 

iLead 

Iron 

Nickel 

Silver 

Cobalt 

Mercury 

Silver 

Cobalt 

Cobalt 

Arfenic 

Manganefe 

Copper 

Gold 

Arfenic 

Copper 

Iron 

Arfenic 

Antimony 

Mercury 

Copper 

Iron 

Manganefe 

Copper 

Gold 

Antimony 

Gold 

Silver 

Zinc 

Gold 

Silver 

Tin 

Tin. 

Tin 

Antimony 

Silver 

Lead 

Copper 

Antimony 

Lead 

Platina 

Tin 

Iron 

Platina 

Platina 

Gold 

Tin 

Antimony 

Manganefe 

Nickel 

Bifmuth 

Platina 

Lead 

Platina 

Nickel 

Iron 

Lead 

Zinc 

Nickel 

Bifmuth 

Arfenic 

Zinc 

Silver 

Antimony 

Bifmuth 

Lead 

Platina 

Zinc 

Cobalt 

Mercury 

Bifmuth 

Mercury 

Cobalt 

Sal.  liv.  of  fulph. 

S.  1.  of  fulphur 

S.  1.  of  fulphur 

S.  1.  of  fulphur 

S.  1.  of  fulphur 

S.  1.  of  fulphur 

Sulphur 

Sulphur 

Sulphur 

Sulphur 

Sulphur 

Sulphur 

ATT 
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TABLE  VI.  Simple  Elective  Attra&ions. 
METALLIC  SUBSTANCES. 


IN  THE  HUMID  WAY. 

Calx  of  Cobalt. 

Calx  of  Zinc. 

Calx  of  Anti- 

Calx  of  Manga- 

Calx of  Wol- 

MON Y. 

nese. 

fram. 

A<;id  of  fugar 

Acid  of  fugar 

Acid  of  fat 

Acid  of  fugar 

Lime 

Acid  of  forrel 

Vitriolic  acid 

Marine  acid 

Acid  of  forrel 

Vegetable  alkali 

Marine  acid 

Marine  acid 

Acid  of  fugar 

Acid  of  lemon 

Volatile  alkali 

Vitriolic  acid 

Acid  of  f.  of  milk 

Vitriolic  acid 

Phofphoric  acid 

Acid  of  tartar 
Nitrous  acid 

Nitrous  acid 
Acid  of  fat 

Nitrous  acid 
Acid  of  tartar 

Acid  of  tartar 
Fluor  acid 

In  the  Dry  Way. 

Acid  of  fat 

Acid  of  forrel 

Acid  of  lorrel 

Marine  acid 

Phofphoric  acid 

Acid  of  tartar 

Acid  of  f.  of  milk 

Vitriolic  acid 

| Fixed  alkali 

Fluor  acid 

Phofphoric  acid 

Phofphoric  acid 

Nitrous  acid 

Lime 

Acid  of  f.  of  milk 

Acid  of  lemon 

Acid  of  lemon 

Acid  of  f.  of  milk 

Calx  of  iron 

Acid  of  amber 

Acid  of  amber 

Acid  of  amber 

Acid  of  amber 

Calx  of  manganefe 

Acid  of  lemon 

Fluor  acid 

Fluor  acid 

Acid  of  fat 

Acid  of  ants 

Arlenical  acid 

Arfenical  acid 

Arfenical  acid 

This  column  is 

Acid  of  milk 

Acid  of  ants 

Acid  of  ants 

Acid  of  ants 

Acetous  acid 

Acid  of  milk 

Acid  of  milk 

Acid  of  milk 

additional.  It  is 

deduced  from  De 
Luyart’s  Analyfis. 

Arfenical  acid 

Acetous  acid 

Acetous  acid 

Acetous  acid 

Acid  of  borax 

Acid  of  borax 

Acid  of  borax 

Pruffian  acid 

Pruffian  acid 

Pruffian  acid 

Pruffian  acid 

Aerial  acid 
Volatile  alkali 

Aerial  acid 
Volatile  alkali 

Aerial  acid 

Aerial  acid 

IN  THE  DRY  WAY. 

Cobalt, 

Zinc. 

Antimony. 

Manganese. 

Wolfram. 

Iron 

Copper 

Tron 

Copper 

Iron 

Nickel 

Antimony 

Copper 

Iron 

Silver 

Arfenic 

Tin 

Tin 

Gold 

Tin 

Copper 

Mercury 

Silver 

Lead 

Silver 

Lead 

Gold 

Nickel 

Tin 

Antimony 

Platina 

Gold 

Silver 

Bifmuth 

Tin 

Cobalt 

Bifmuth 

Manganefe 

Antimony 

Arfenic 

Zinc 

Gold 

Zinc 

Platina 

Bifmuth 

Lead 

Nickle 

Iron 

Gold 

Platina 

Mercury 

Arfenic 

Cobalt 

Platina 

Saline  liv.  of  fulph. 
Sulphur 

Sal.  liv.  of  fulphur 
Sulphur 

Sal.  liv.  of  fulphur 

' 

1 

Z 2 
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In  the  expreffion  of  compound  affinities,  it  is  clear,  from  what  has  already  been 
faid  in  this  article,  that  thefe  fketches  muft  either  be  made  from  adual  experiment 
in  every  inftance,  or  by  dedudion  from  the  numerical  expreffions  of  the  forces 
of  attradion.  We  have  explained  fome  of  the  difficulties  which  oppofe  the  de- 
dudion of  thefe  numbers  : but  as  a conjedural  fet  of  numbers,  inferred  from 
fuch  fads  as  we  poffefs,  may  be  ufeful  in  many  inftances  to  point  out  the  proba- 
bility of  decompofitions  previous  to  trial,  I have  here  inferted  Mr.  Morveau’s 
table  of  the  numerical  expreffion  of  affinity  between  the  alkalis  and  foluble  earths 
and  the  five  principal  acids. 

TABLE  VII. 


Numerical  Expreffion  of  Affinities  by  M.  Morveau. 


Vitriolic 

Acid. 

Nitrous 

Acid. 

Marine 

Acid. 

Acetous 

Acid. 

Aerial  Acid, 
or  Fixed  Air. 

Ponderous  earth 

65 

62 

36 

29 

H 

Vegetable  alkali 

62 

58 

32 

26 

9 

Mineral  alkali 

58 

5° 

28 

25 

8 

Lime 

54 

44 

20 

19 

12 

Volatile  alkali 

46 

38 

H 

20 

4 

Magnefia 

5° 

40 

16 

17 

6 

Argil,  earth 

40 

36 

10 

15 

2 
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The  method  of  exemplifying  or  exhibiting  Ample  or  compound  affinities  by 
fymbols,  according  to  Bergmann,  confifts  in  placing  thofe  fubftances  which  are 
applied  to  each  other  upon  the  fame  horizontal  line  of  direction  ; the  compo- 
nent parts  of  the  fubftances  being  placed  at  the  two  extremities  of  a vertical 
bracket ; and  the  new  produces,  if  any,  are  placed  one  above  the  other,  at  the  mid- 
dle part  of  an  horizontal  bracket,  connecting  their  component  principles.  This 
will  be  rendered  clearer  by  an  example. 

I.  Suppofe  magnefia  to  be  prefented  to  a folution  of  vitriolated  tartar,  it  will 
be  found  that  no  decompofition  takes  place.  Thefe  fads  are  expreffed  as  fol- 
lows : 


In  the  above  fcheme,  the  vitriolated  tartar  is  placed  oppofite  the  point  of  a ver- 
tical bracket,  and  its  two  component  parts,  vegetable  alkali  and  vitriolic  acid,  are 
placed  within  the  extremities  of  the  fame  bracket.  Horizontally  oppofite  the  vi- 
triolic acid  is  placed  magnefia,  to  denote  that  it  is  prefented  to  that  acid.  And  as 
thefe  two  fubftances  are  not  connected  by  a bracket,  it  is  to  be  underftood  from 
the  fcheme  that  they  do  not  unite,  and  confequently  that  the  vitriolated  tartar  re- 
mains undecompofed. 

II.  On  the  contrary,  if  to  a folution  of  Epfom  fait  the  vegetable  alkali  be  ad- 
ded, a decompofition  will  enfue,  which  is  expreffed  as  follows : 


The  arrangements  in  this  fcheme  depend  on  the  fame  principles  as  thofe  of  the 
foregoing  : but  the  bracket  underneath  the  vitriolic  acid,  and  vegetable  alkali, 
denotes  that  thefe  two  fubftances  unite,  and  form  vitriolated  tartar,  which  is  ac- 
cordingly placed  beneath  the  middle  of  the  bracket.  The  point  of  the  bracket 
being  turned  up,  is  made  to  denote  that  the  compound  remains  fufpended,  or  in 
folution.  The  magnefia  is  of  courfe  difengaged  ; and  half  a bracket,  with  the  point 
downwards,  is  placed  over  it,  to  denote  that  it  falls  to  the  bottom,  or  is  preci- 
pitated. 


fV  f ■ Me 


Vitriolated 

tartar 


Vitriolic 

acid 


Magnefia 


rMagnefia 


Epfom 
fait  * 


Vitriolic  Vegetable 
acid  alkali 


alkali 


Vitriolated  tartar 


III  The 
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III.  The  above  inftances  exhibit  fimple  elective  attractions ; but  this  method  is 
more  particularly  applicable  to  the  compound  attractions  ; for  example,  fuppofe  a 
folution  of  the  fait  of  Sylvius  be  added  to  felenite,  no  decompofition  will  take 
place.  This  is  expreflfed  as  under : 


'Vegetable 

alkali 


Salt  of 
Sylvius 


Marine 
. Acid 


Vitriolic 

acid 


" Selenite 


Lime 


The  want  of  horizontal  brackets  in  this  fcheme  denotes  that  the  principles  pre- 
fented  to  each  other  do  not  unite,  and  confequently  that  no  decompofition 
enfues. 

IV.  On  the  contrary,  if  vitriolated  tartar  be  prefented  to  the  marine  fait  of 
lime,  a mutual  decompofition  will  enfue ; thus. 


Vitriolated 

tartar 


Salt  of  Sylvius 

'Vegetable  Marine" 
alkali  acid 

Marine  fait 
of  lime 

Vitriolic 

acid  Lime  _ 

) ' \ 

Selenite 


In  this  fcheme,  we  fee  that  the  principles  prefented  to  each  other  do  unite,  as  is 
(hewn  by  the  horizontal  brackets,  and  form  the  new  compounds,  fait  of  Sylvius 
and  felenite  ; the  former  of  which  remains  in  folution,  as  is  (hewn  by  its  bracket 
being  turned  upwards  ; while  the  latter,  being  nearly  infoluble,  falls  down,  and  is 
accordingly  denoted  by  a bracket  whofe  point  is  turned  downwards. 

V.  By  attentively  obferving  this  laft  fcheme,  it  may  be  feen  that  the  attractions 
exerted  between  the  fimple  fubftances  which  are  placed  over  each  other,  are  the 
quiefeent  affinities,  and  tend  to  preferve  the  original  combinations ; whereas  the 
attractions  between  the  fimple  fubftances,  which  ftand  oppofite  to  each  other,  are 
the  divellent  affinities,  and  tend  to  produce  new  combinations.  If  we  were  in  pof- 
feffion  of  complete  tables  of  the  numerical  expreffion  of  fimple  attraction,  it  is  evi- 
dent that  we  might  foretel  every  refult  which  might  be  produced  by  the  appli- 
cation of  compound  fubftances  to  each  other ; and  we  (hall  fee  the  utility  of  Mr. 
Morveau’s  Table,  by  applying  the  numbers  to  the  preceding  fcheme. 


Salt 


ATT 


Vitriolated 

tartar 


[ 175  ] 

Salt  of  Sylvius 
r~ A 7-“ 

Vegetable  Marine 
alkali  3 acid 


ATT 


62 


+ 20=82 


Vitriolic  54 
acid  86 


Lime 


^Marine  fait 
of  lime 


Selenite 


The  attraction  between  the  vegetable  alkali  and  vitriolic  acid  is  expreffed  by 
the  number  62  ; and  the  attraction  between  the  marine  acid  and  lime  is  expreffed 
by  the  number  20.  Thefe  are  the  quiefcent  affinities,  and  their  fum  82  ex- 
preffes  the  tendency  to  preferve  the  original  forms  of  vitriolated  tartar  and  marine 
fait  of  lime.  On  the  other  hand,  the  attraction  between  the  vegetable  alkali  and 
marine  acid  is  expreffed  by  32,  and  the  attraction  between  vitriolic  acid  and  lime 
by  54.  The  fum  of  32  and  54  amounts  to  86,  and  expreffes  the  divellent  affini- 
ties which  tend  to  produce  new  combinations.  And  as  this  laft  fum  exceeds  the 
fum  of  the  quiefcent  affinities,  it  follows  that  the  double  decompofition  will  take 
place. 

VI.  In  thefe  examples  we  have  defignedly  taken  them  the  reverfe  of  each  other  ; 
but  every  inftance,  fingly  exhibited,  does  in  faCt  point  out  both  the  affirmative 
and  the  negative  propofitions.  Thus,  from  the  faCt  firft  exhibited,  that  magnefia  does 
notdecompofe  the  combination  of  vegetable  alkali  and  vitriolic  acid,  it  likewife  fol- 
lows that  the  vegetable  alkali  does  decompofe  the  combination  of  vitriolic  acid  and 
magnefia.  And  accordingly,  in  the  two  laft  fchemes  of  double  affinity,  it  is  clearly 
afcertained,  from  the  mutual  decompofition  of  vitriolated  tartar  and  marine  fait 
of  lime,  that  the  fait  of  Sylvius  and  felenite  will  not  decompofe  each  other. 

The  fame  horizontal  bracket,  which  in  the  humid  way  was  ufed  to  denote  folu- 
tion,  is  ufed  to  denote  fublimation  in  experiments  by  the  dry  way. 

The  following  fchemes  from  Bergmann  will  require  no  explanation,  after  the 
inftances  we  have  exhibited. 
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Schemes  of  Ele&ive  Attra&ions  in  the  Humid  Way. 


I,  /"Vegetable 
alkali 


II. 


-Vegetable 

alkali 


Vitriol. 

tartar 


62 


Vitriol, 
tartar  ' 


62 


i 


Vitriolic  Ponder, 
acid  65  earth 

. j 

Vitriolated 

barytes 


Vitriolic 

* acid  54  Lime 


III. 


r 


-Mineral 

alkali 


Comm. 

fait 


28 


Marine  Vegetable 
_ acid  32  alkali 

\ , — '' — \ j 

Salt  of 
Sylvius 


IV. 


Lime 


Marine 
fait  of 
lime 


-i  20 


Marine  Mineral 
, V.  acid  28  alkali 


Common 

fait 


V. 


rLime 


VI. 


Vitriolated 

tartar 

Vitriolic  62  Vegetable 
acid  alkali 


-Marine 
fait  of  < 
lime 


20 


Marine  Volatile 
l.  acid  14  alkali 


Epfom 

fait 


5° 


k hMagnefia 


VII. 


Salt  of 
Sylvius 


/-Marine  32  Vegetable 
acid  alkali 


Corrof.  c 
fublim. 

Calx  of 
^ Lmercury 


VIII. 


Selenite 


-Vitriolic  54  Lime 
acid 


Martial  ^ 
vitriol^ 

Calx  of 
^ L Iron 


IX.  Vitri- 
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Schemes  of  Ele&ivc  Attra&ions  in  the  Humid  Way. 


IX. 


Vitriol. 

tartar 


Vitriolated  tartar 
with  exeefs  of  acid 


Vitiiolic 

acid 


6 

Vegetable  Nitrou 

. alkali  acid 


X. 


Vitriol. 

tartar 


Vitriolated  tartar 
with  exeefs  of  acid 

f Vitriolic 
acid 


Vegetable  Acid  of 
alkali  & tartar 


Nitre 


XI. 


Salt  of 
Sylvius 


■Marinfc 

acid 


6 

Veget.  Acid  o 
.alkali  CC5*  tartar 


XII. 


"Marine 

acid 


Comm. 

fait 


Mineral  Acid  of 
» alkali  tartar 


Quadrangalav 

nitre 


XIII.  ^Mineral  50  Nitrous 
alkali  acid 


Borax 


XIV. 


Selenite  < 


Vitriolic 

acid 


54 


Acid  of 
_ borax 


Acid  of 

.Lime  fugar 


A a 


Schemes 


XV. 


Epfom 

fait 


XVII. 

a. 

White 

arfepic 


XIX. 


Liverof 

fulphur 
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Schemes  of  Ele&ive  Attradlions  in  the  Humid  Way. 


^ Vitriolic 

1 

XVI. 

^Nitrous 

acid 

Nitrous 

acid 

5° 

Acid  of 

fait  of  < 
lime 

4+ 

Vitriolic 

.Magnefia 

fpar 

.Lime  54 

acid 

J 1 

1 ' 

Selenite 


Marine 

acid 


"Phlogifton  Dephlogift.  XVIII. 

r 

Marine  ■ 

marine  acid  b. 

acid 

Vital 

WIrite 

air 

arfenic 

Vitd 

air 

Acid  of 

.arfenic  i 

.Arfenic  _ 

Acid  of 
arfenic 


Aerated 

marine 

acid 


4 


Foliated 

tartar 


, n 

Weget.  26  Acetous 
alkali  acid 


LSulphur 


Selenite 


XX,  rLime  54  Vitriolic 
acid 

Calcar. 

hepar 


.Sulphur 
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Schemes  of  Elective  Attra&ions  in  the  Humid  Way. 


Salt  of 
Sylvius 


Nitre 


XXI. 

"Veget. 

alkali 

32 

Marine  1 
acid 

XXII. 

rVeget. 

alkali 

58  Nitrous1 
acid 

Vitriolat. 

tartar 

62 

+ 

20=82 

Marine 
f.  of  lime 

Vitriolat. 

tartar 

62 

Vitriol. 
b acid 

24 

86 

Lime  - j 

Vitriol, 
w acid 

Calx  of 
lead  j 

Selenite 


Vitriolic  fal 
of  lead 


Nitron* 
iait  of 
lead 


XXIII. 


Salt  of 
Sylvius 


Nitrous 

ammoniac 


r Veget,’ 

62 

Vitriol. 

XXIV. 

(-Volatile 

38  Nitrous1 

alkali 

acid 

alkali 

acid 

32 

+ 

54=86 

► Selenite 

Vitriolic 

46 

ammoniac * 

Marine 

20 

Vitriolic 

Calx  of 

. acid 

82 

Lime 

. acid 

mercury^ 

Vitriolic  fait 
•f  mercury 


Nitrous 
fait  of 
mercury 


Quadrangular 

nitre 


XXV.  ' r Mineral 
alkali 


Common 

Salt 


Marine 
l acid 


Nitrous 

acid 


Silver 


Nitre 


Nitrous 

fait  of 
filver 


XXVI.  fVeget. 

alkali 


Cream  of 
rtar 


Acid  of 
. tartar 


Acid  of' 
nitre 


Calx  of 
mercu. . 


Nitrous 
fait  of 
mercury 


Luna 

cornea 


A a 2 


Tartareous  fait 
of  mercury 


Schemes 
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Schemes  of  Eledtive  Attractions  in  the  Humid  Way. 


Quadrangular  Acetous  fait 

nitre  of  magnefia 


XXVII. 

'-Mineral 

Nitrous- 

XXVIII. 

'-Magnefia 

Acetous- 

alkali 

acid 

Nitrous 

Marine 

acid 

Borax  > 

- fait  of 

fait  of 

mercury 

magnefia 

Acid  of 

Calx  of 

. 

Marine 

L borax 

mercu.  - 

. acid 

Silver  ^ 

>.  j y.  j 

Luna 

cornea 


Vitriolic  fait  Nitrous  fait 

of  lead  of  copper 


XXIX. 

rVitriolic 

acid 

Lead  " 

XXX. 

r Nitrous 
acid 

Copper- 

Vitriolic 
fait  of  fil v/ 

* Plumb. 

’ corneum 

Nitrous 
fait  of  « 
filver 

.Silver 

Marine 
acid  j 

-> 

♦ 

.Silver 

Marine 
acid  _ 

Luna  Luna 

cornea  cornea 


9 


Salt  of  Salt  of 

Sylvius  Sylvius 


XXXI. 

'-Marine 

acid 

Veget.  i 
alkali 

XXXII. 

'Marine 

acid 

Veget!  -» 
alkali 

Common  j 
fait  ’ 

Mineral 
. alkali 

Fixed 
air  - 

Mild  ve- 
‘ getable 
alkali 

Corrofive  __ 
fublimate 

Calx  of 
.mercury 

Fixed 

air 

Acetous 
fait  of 
filver 


Marine 
fait  of 
copper 


Mild  ve* 

getable 

alkali 


Mild  mineral 
alkali 


Aerated 

mercury 
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Schemes  of  Elective  Attra&ions  in  the  Humid  Way. 
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I have  inferted  the  whole  of  Bergmann’s  fchemes,  excepting  thofe  numbered 
25,  55,  and  56;  the  former  of  which  includes  the  acid  of  forrel,  at  prefent  known 
to  be  a compound  ; and  the  two  laft  relate  to  experiments  with  the  nitrous  acid, 
which  may  be  confidered  as  doubtful,  becaufe  a large  part  of  the  product  aflumes 
the  permanently  elaftic  ftate,  and  has  not  been  examined.  My  chief  inducement 
for  inferting  all  the  others  is,  that  the  whole  together  form  fo  confiderable  a body 
of  chemical  knowledge,  exprefied  with  fo  much  perfpicuity  by  virtue  of  this 
happy  arrangement,  that  their  value  and  effect  cannot  but  greatly  tend  to  promote 
the  refearches  of  experienced  chetnifts,  as  well  as  the  advancement  of  the  learner. 
I fpeakon  this  occalion  as  if  the  fketches  were  now  firft  published  ; and  this,  with 
refpedt  to  the  greater  number  of  chemical  readers,  is  really  the  cafe  : for  Berg- 
mann  publifhed  them  in  characters ; a method  which  is  indeed  attended  with  pe- 
culiar advantages  both  in  the  enunciation  and  practice  of  chemiftry;  but  which 
never  having  been  in  general  life,  is  very  far  from  being  familiar  even  to  the 
learned.  The  tables  have  not,  that  1 know  of,  been  before  printed  in  words  at  length.  I 
have  alfo  inferted  the  numbers  of  Mr.  Morveau,  which  anfwer  as  far  as  they  can 
be  applied  ; and  the  contemplation  of  thofe  fchemes  which  contain  only  partial 
numbers,  will  (hew  what  experiments  require  to  be  made  to  extend  them  farther. 
Thus,  in  fcheme  7,  it  is  feen  that  the  adhetion  of  marine  acid  to  the  calx  of  mer- 
cury, in  the  humid  way,  will  require  a lefs  numerical  expreffion  than  32  ; and  in 
fcheme  8,  that  the  attraction  of  vitriolic  acid  to  calx  of  iron  is  lefs  than  54;  and  the 
numerical  expreffions  of  thefe  indeterminate  quantities  mud  be  taken  fo  as  to 
agree  with  all  th?  experiments  known,  as  we  have  no  other  method  of  afeertaining 
them.  The  fchemes  numbered  18  and  37  in  the  humid  way,  and  alfo  the  num- 
bers 5,  8,  9,  17  and  19  in  the  dry  way,  fhew  how  admirably  this  method  is  appli- 
cable to  the  new,  as  well  as  the  old  theory  ; and  number  40,  in  the  humid  way, 
fhews  the  precipitation  of  a triple  compound.  The  intelligent  chemift  will  find 
no  difficulty  in  extending  them  to  more  particular  cafes,  by  attending  to  the  rules 
of  arrangement  already  deferi bed  and  exemplified. 

AUGITES.  to  Aqua  Marina. 

AURUM  FULMINANS.  See  Gold. 

AURUM  MUsSIVU M,  or  Mosatcum.  A combination  of  tin  and  fulphur, 
which  is  thus  made  : Melt  twelve  ounces  of  tin,  and  add  to  it  three  ounces  of 
mercury  ; triturate  this  amalgam  with  feven  ounces  of  fulphur,  and  three  of  fal 
ammoniac.  Put  the  powder  into  a mattrafs,  bedded  rather  deep  in  fand,  and  keep 
it  for  feveral  hours  in  a gentle  heat ; which  is  afterwards  to  be  raifed,  and  conti- 
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nued  for  feveral  hours  longer.  If  the  heat  has  been  moderate,  and  not  continued 
too  long,  the  golden-coloured  fcaly  porous  mafs,  called  Aurum  Mufivum,  will  be 
found  at  the  bottom  of  the  veffel ; but  if  it  has  been  too  ftrong,  the  aurum  mufi- 
vum fufes  to  a black  mafs  of  a ftriated  texture.  This  procefs  is  thus  explained  : 
As  the  heat  increafes,  the  tin,  by  ftronger  affinity,  feizes,  and  combines  with,  the 
marine  acid  of  the  fal  ammoniac  ; while  the  alkali  of  that  fait,  combining  with  a 
portion  of  the  fulphur,  flies  off  in  the  form  of  a hepar.  The  combination  of  tin 
and  marine  acid  fublimes,  and  is  found  adhering  to  the  fides  of  the  mattrafs.  The 
mercury,  which  ferved  to  divide  the  tin,  combines  with  part  of  the  fulphur,  and 
forms  cinnabar,  which  alfo  fublimes ; and  the  remaining  fulphur,  with  the  re- 
maining tin,  forms  the  aurum  mufivum  which  occupies  the  lower  part  of  the  vef- 
fel. It  muff  be  admitted,  however,  that  this  explanation  does  not  indicate  the  rea- 
fons  why  fuch  an  indirect  and  complicated  procefs  fhould  be  required  to  form  a 
fun  pie  combination  of  tin  and  fulphur. 

It  does  not  appear  that  the  proportions  of  the  materials  require  to  be  ftridlly  at- 
tended to.  The  procefs  of  the  marquis  De  Bullion,  as  defcribed  by  Chaptal  in  his 
Elements  of  Chemiftry,  confifts  in  amalgamating  eight  ounces  of  fin  with  eight 
ounces  of  mercury,  and  mixing  this  with  fix  ounces  of  fulphur,  and  four  of  fal  am- 
moniac. This  mixture  is  to  be  expofed  for  three  hours  on  a fand  heat  fufficient  ta 
render  the  bottom  of  the  mattrafs  obfcurely  red-hot.  But  Chaptal  himfelf  found 
that  if  the  mattrafs  containing  the  mixture  were  expofed  to  a naked  fire,  and  vio- 
lently heated,  the  mixture  took  fire,  and  a fublimate  was  formed  in  the  neck  of  the 
mattrafs,  confifting  of  the  moft  beautiful  aurum  mufivum  in  large  hexagonal' plates.. 
The  marquis  De  Bullion  obtained  a good  aurum  mufivum  by  diffolving  eight 
ounces  of  tin  in  the  muriatic  acid*  precipitating  it  by  mild  mineral  alkali,  and 
mixing  the  precipitate  with  four  ounces  of  fulphur.  He  ufed  this  mixture  in- 
ftead  of  the  foregoing,  but  found  the  aurum  mufivum  unfit  to  increafe  the  effedH 
of  the  eledfric  machine,  as  the  former  aurum  mufivum  did,  which  he  fpund  to 
contain  fix  parts  out  of  feven  of  mercury,  and  to  which,  accordingly,  he  attributes, 
theeffedt  of  eledfrical  excitation. 

Aurum  mufivum  has  no  tafte,  though  fome  fpecimens  exhibit  an  hepatic  fmell. 
It  is  not  foluble  in  water,  acids,  or  alkaline  folutions.  But  in  the  dry  way  it  forms, 
a yellow  hepar,  foluble  in  water.  It  deflagrates  with  nitre.  Bergmann  men- 
tions a native  aurum  mufivum  from  Siberia,  containing  tin,  fulphur,  and  a fmali. 
proportion  of  copper. 

Aurum  mufivum  is  ufed  as  a pigment  for  giving  a golden  colour  to  fmali  fla- 
mes, or  plafter  figures.  It  is  like  wife  faid  to  be  mixed  with  melted  glafs  to  imi- 
tate lapi.s  lazuli. 

AVIDITY.  This  term  is  in  common  ufe  among  cliemifts,.  who  apply  it  tO' 
denote  that  kind  of  tendency  to  combination  which  exerts  its  effedts  in  a fhort, 
time.  It  does  not  therefore  denote  the  power  of  attradlion,  or  that  by  which  com- 
binations are  moft  ftrongly  maintained;  but  that  modification  of  the  attractive 
powers  which  conduces  moft  to  their  fpeedy  exertion.  Thus,  metallic  bodies  not, 
being  foluble  in  acids  but  at  a certain  determinate  degree  of  calcination,  and  the 
nitrous  acid  being  more  eafily  decompofed  or  phlogifticated  than  the  marine,  it  is> 
found  that  the  nitrous  acid  diffolves  moft  metallic  fubftances  with  confiderable  ra- 
pidity, though  the  marine  does  not ; but,  on  the  other  hand,  the  attradlion  of  the 
maiine  acid  to  many  of  the  metallic  calce.s  is  fuch,  that  it  takes  them  from  the  ni- 
trous. The  nitrous  acid  therefore  is  faid  to  diffolvq  the  metals  with  more  avidity 
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than  the  marine  acid,  notwithftanding  the  attra&ion  of  this  laft  appears  to  be 
ftronger.  * 

AZURE.  This  term,  which  was  formerly  applied  to  the  fine  blue  extracted 
from  lapis  lazuli,  and  at  prefent  known  by  the  name  of  Ultramarine,  is  now  more 
generally  applied  to  denote  the  blue  glafs  made  by  the  combination  of  calx  of 
cobalt  with  glafs.  When  this  is  in  maffes,  or  a coarfe  powder,  it  is  called  Smalt. 
See  Coealt,  Ultramarine. 
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BALANCE.  The  beginning  and  end  of  every  exadt  chemical  procefs  con- 
fills  in  weighing.  With  imperfedl  inftruments  this  operation  will  be  tedious- 
and  inaccurate  ; but  with  a good  balance,  the  refults  will  be  fatisfadlory  ; and  much 
time,  which  is  fo  precious  in  experimental  refearches,  will  be  faved. 

The  balance  is  a lever  whofeaxis  of  motion  is  formed  with  an  edge  like  that  of 
a knife  ; and  the  two  difhes  at  its  extremities  are  hung  upon  edges  of  the  fame 
kind.  Thefe  edges  are  firft  made  (harp,  and  then  rounded  with  a fine  hone,  or  a. 
piece  of  buff  leather.  The  excellence  of  the  inflrument  depends,  in  a great  mea- 
fure,  on  the  regular  form  of  this  rounded  part.  When  the  lever  js  confidered  as  a 
mere  line,  the  two  outer  edges  are  called  Points  of  Sufpenfion,  and  the  inner  the 
Fulcrum.  The  points  of  fufpenfion  are  fuppofed  to^  be  at  equal  diftances  from 
the  fulcrum,  and  to  be  preffed  with  equal  weights  when  loaded. 

1.  If  the  fulcrum  be  placed  in  the  center  of  gravity  of  the  beam,  and  the  three 
edges  lie  all  in  the  fame  right  line,  the  balance  will  have  no  tendency  to  one  pofition 
more  than  another,  but  will  reft  in  any  pofition  it  may  be  placed  in,  whether  the 
feales  be  on  or  off,  empty  or  loaded. 

1.  If  the  center  of  gravity  of  the  beam,  when  level,  be  immediately  above  the 
fulcrum,  it  will  overfet  by  the  fmalleft  adtion  ; that  is,  the  end  which  is  lowed  will, 
defeend  ; and  it  will  do  this  with  more  fwiftnefs,  the  higher  the  center  of  gravity,, 
and  the  lefs  the  points  of  fufpenfion  are  loaded. 

3.  But  if  the  center  of  gravity  of  the  beam  be  immediately  below  the  fulcrum, 
the  beam  will  not  reft  in  any  pofition  but  when  level ; and,  if  difturbed  from  that 
pofition,  and  then  left  at  liberty,  it  will  vibrate,  and  at  laft  come  to  reft  on  the 
level.  Its  vibrations  will  be  quicker,  and  its  horizontal  tendency  ftronger,  the 
lower  the  center  of  gravity,  and  the  lefs  the  weight  upon  the  points  of  fufpenfion. 

4.  If  the  fulcrum  be  below  the  line  joining  the  points  of  fufpenfion,  and  thefe 
be  loaded,  the  beam  will  overfet,  unlefs  prevented  by  the  weight  of  the  beam  tend- 
ing to  produce  an  horizontal  pofition,  as  in  § 3.  In  this  laft  cafe,  fmall  weights 
will  equilibrate,  as  in  § 3 ; a certain  exadt  weight  will  reft  in  any  pofition  of  the 
beam,  as  in  § 1 ; and  all  greater  weights  will  caufe  the  beam  to  overfet,  as  in  § 2. 
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Many  fcales  are  often  mack  this  way,  and  will  overfet  with  any  confiderable 
loach 

5.  If  the  fulcrum  be  above  the  line  joining  the  points  of  fufpenfion,  the  beam 
will  come  to  the  horizontal  pofition,  unlefs  prevented  by  its  own  weight,  as  in  § 2. 
If  the  center  of  gravity  of  the  beam  be  nearly  in  the  fulcrum,  all  the  vibrations  of 
the  loaded  beam  will  be  made  in  times  nearly  equal,  unlefs  the  weights  be  very 
final!,  when  they  will  be  (lower.  The  vibrations  of  balances  are  quicker,  and  the 
horizontal  tendency  (Longer,  the  higher  the  fulcrum. 

6.  If  the  arms  of  a balance  be  unequal,  the  weights  in  equipoife  will  be  une- 
qual in  the  fame  proportion.  It  is  a fevere  check  upon  a workman  to  keep  the 
arms  equal,  while  he  is  making  the  other  adjuftments  in  a (Irong  and  inflexible 
beam. 

7.  The  equality  of  the  arms  of  a balance  is  of  ufe,  in  fcientific  purfuits,  chiefly 
in  making  of  weights  by  bifection.  A balance  with  unequal  arms  will  weigh  as  ac- 
curately as  another  of  the  fame  workmanfhip  with  equal  arms,  provided  the  ftand- 
ard  weight  itfelfbe  firft  coun'cerpoifed,  then  taken  out  of  the  fcale,  and  the  thing 
to  be  weighed  be  put  into  the  fcale,  and  adjufted  againft  the  counterpoife  or 
when  proportional  quantities  only  are  confidered,  as  in  chemical  and  in  other  phi- 
lofophical  experiments,  the  bodies  and  produdfs  under  examination  may  be 
weighed  againft  the  weights,  taking  care  always  to  put  the  weights  into  the  fame 
fcale.  For  then,  though  the  bodies  may  not  be  really  equal  to  the  weights,  yet 
their  proportions  amongft  each  other  may  be  the  fame  as  if  they  had  been  accu- 
rately fo. 

8.  But  though  the  equality  of  the  arms  may  be  well  difpenfed  with,  yet  it  is  in- 
■difpenfably  neceflary  that  their  relative  lengths,  whatever  they  may  be,  (hould 
continue  invariable.  For  this  purpofe,  it  is  neceflary,  either  that  the  three  edges 
be  all  truly  parallel,  or  that  the  points  of  fufpenfion  and  fupport  fhould  be  always 
in  the  fame  part  of  the  edge.  This  lad  requifite  is  the  moft  eafily  obtained. 

The  balances  made  in  London  are  ufually  conftru&ed  in  fuch  a manner,  that 
the  bearing  parts  form  notches  in  the  other  parts  of  the  edges  ^ fo  that  the  fcales 
being  fet  to  vibrate,  all  the  parts  naturally  fall  into  the  fame  bearing.  The  ba- 
lances made  in  the  country  have  the  fulcrum  edge  ftraight,  and  confined  to  one 
conftant  bearing  by  two  fide  plates.  But  the  points  of  fufpenfion  are  referred  to 
notches  in  the  edges,  like  the  London  balances.  The  balances  here  mentioned, 
which  come  from  the  country,  are  inclofed  in  a frnall  iron  japanned  box  ; and  are 
to  be  met  with  at  the  Birmingham  and  Sheflield  warehoufes,  though  lei s frequently 
than  fome  years  ago ; becaufe  a pocket  contrivance  for  weighing  guineas  and  half- 
guineas has  got  pofleflion  of  the  market.  They  are,  in  general,  well-made  and  ad- 
jufted, turn  with  the  twentieth  of  a grain  when  empty,  and  will  fenfibly  fhew  the 
tenth  of  a grain,  with  an  ounce  in  each  fcale.  Their  price  is  from  five  (hillings  to 
half  a guinea  ; but  thofe  which  are  under  (even  (billings  have  not  their  edges 
hardened,  and  confequently  are  not  durable.  This  may  be  afeertained  by  the 
purchafer,  by  pafllng  the  point  of  a penknife  acrofs  the  (mall  piece  which  goes 
through  one  of  the  end  boxes  ■,  if  it  makes  any  mark  or  impreflion,  the  part  is 
foft. 

9.  If  a beam  be  adjufted  fo  as  to  have  no  tendency  to  any  one  pofition,  as  in 
§ 1,  and  the  fcales  be  equally  loaded  ; then,  if  a final!  weight  be  added  in  one  of 
the  fcales,  that  balance  will  turn,  and  the  points  of  fufpenfion  will  move  with  an 
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accelerated  motion,  fimilar  to  that  of  falling  bodies,  but  as  much  flower,  in  pro- 
portion, very  nearly,  as  the  added  weight  is  lefs  than  the  whole  weight  borne  by 
the  fulcrum. 

10.  The  ftronger  the  tendency  to  an  horizontal  pofition  in  any  balance,  or  the 
quicker  its  vibrations,  § § 3,  5,  the  greater  additional  weight  will  be  required  to 
caufe  it  to  turn,  or  incline  to  any  given  angle.  No  balance  therefore  can  turn  fo 
quick  as  the  motion  deduced  in  § 9.  Such  a balanceas  is  there  defcribed,  if  it  were 
to  turn  with  the  ten  thoufandth  part  of  the  weight,  would  move  at  quickeft  ten 
thoufand  times  flower  than  falling  bodies ; that  is,  the  difh  containing  the  weight, 
inftead  of  falling  through  fixteen  feet  in  a fecond  of  time,  would  fall  through  only 
two  hundred  parts  or  an  inch,  and  it  would  require  four  feconds  to  move  through 
one-third  part  of  an  inch  : confequently,  all  accurate  weighing  muft  be  flow.  Lf 
the  indexes  of  two  balances  be  of  equal  lengths,  that  index  which  is  connected 
with  thefhorter  balance  will  move  proportionally  quicker  than  the  other.  , Long 
beams  are  the  moft  in  requeft,  becaufe  they  are  thought  to  have  lefs  fridtion  ; this 
is  doubtful : but  the  quicker  angular  motion,  greater  ftrength,  and  lefs  weight  of 
a fhort  balance,  are  certainly  advantages. 

11.  Very  delicate  balances  are  not  only  ufeful  in  nice  experiments,  but  are 
likewife  much  more  expeditious  than  others  in  common  weighing.  If  a pair  of 
fcales  with  a certain  load  be  barely  fenfible  to  the  one-tenth  of  a grain,  it  will  re- 
quire a confiderable  time  to  afcertain  the  weight  to  that  degree  of  accuracy,  becaufe 
the  turn  muft  be  obferved  feveral  times  over,  and  p’s  very  fmall.  But  if  no  greater 
accuracy  were  required,  and  fcales  were  ufed  which  would  turn  with  the  hundredth 
of  a grain,  a tenth  of  a grain,  more  or  lefs,  would  make  fo  great  a difference  in  the 
turn,  that  it  would  be  feen  immediately. 

12.  If  a balance  be  found  to  turn  with  a certain  addition,  and  is  not  moved  by 
any  fmaller  weight,  a greater  fenfibility  may  be  given  to  that  balance,  by  produc- 
ing a tremulous  motion  in  its  parts.  Thus,  if  the  edge  of  a blunt  faw,  a file,  or 
other  fimilar  inftrument,  be  drawn  along  any  part  of  the  cafe  or  fupport  of  a ba- 
lance, it  will  produce  a jarring,  which  will  diminifh  the  fridtion.  on  the  moving 
parts  fo  much,  that  the  turn  will  be  evident  with  one-third  or  one  fourth  of  the  ad- 
dition that  would  elfe  have  been  required.  In  this  way,  a beam  which  would 
barely  turn  by  the  addition  of  one-tenth  of  a grain,  will  turn  with  the  one-thirtieth 
or  fortieth  of  a grain. 

13.  A balance  whofe  horizontal  tendency  depends  only  on  its  own  weight,  as  in 
§ 3,  will  turn  with  the  fame  addition,  whatever  may  be  the  load  ; except  fo  far  as  a 
greater  load  will  produce  a greater  friction. 

14.  But  a balance  whofe  horizontal  tendency  depends  only  on  the  elevation  of 
the  fulcrum,  as  in  § 5,  will  be  lefs  fenfible  the  greater  the  load  ; and  the  addition 
requifiteto  produce  an  equal  turn  will  be  in  proportion  to  the  load  itfelf. 

15.  In  order  to  regulate  the  horizontal  tendency  in  fome  beams,  the  fulcrum 
is  placed  below  the  points  of  fufpenfion,  as  in  § 4,  and  a hiding  weight  is  put  upon 
the  cock  or  index,  by  means  of  which  the  center  of  gravity  may  be  railed  or  de- 
preffed.  This  is  an  ufeful  contrivance. 

16.  Weights  ate  made  by  a fubdivifion  of  a ftandard  weight.  If  the  weight  be 
continually  halved,  it  will  produce  the  common  pile,  which  is  the  fmalleft  number, 
far  weighing  between  its  extremes,  without  placing  any  weight  in  the  fcale  with 
the  body  under  examination.  Granulated  lead  is  a very  convenient  fubftance  to 
be  ufed  in  this  operation  of  halving,  which  however  is  very  tedious..  The  readied; 
way  to  fubdivide  fmall  weights,  contifts  in  weighing  a certain  quantity  of  fmall' 
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wire,  and  afterwards  cutting  it  into  fuch  parts,  by  meafure,  as  are  deflred  ; or  the 
wire  may  be  wrapped  clofe  round  two  pins,  and  then  cut  afunder  with  a knife.  By 
this  means  it  will  be  divided  into  a great  number  of  equal  lengths,  or  fmall  rings. 
The  wire  ought  to  be  fo  thin,  as  that  one  of  thefe  rings  may  barely  produce  a fen- 
fible  effed  on  the  beam.  If  any  quantity  (as  for  example,  a grain)  of  thefe  rings  be 
weighed,  and  the  number  then  reckoned,  the  grain  may  be  fubdivided  in  any  pro- 
portion, by  dividing  that  number,  and  making  the  weights  equal  to  as  many  of  the 
rings  as  the  quotient  of  the  divifion  denotes.  Then,  if  750  of  the  rings  amounted 
to  a grain,  and  it  were  required  to  divide  the  grain  decimally,  downwards, 
would  be  equal  to  675  rings,  — V would  be  equal  to  600  rings,  -Ar  to  525  rings, 
&c.  Small  weights  may  be  made  of  thin  leaf  brafs.  Jewellers  foil  is  a good  ma- 
terial for  weights  below  the  TV  of  a grain,  as  low  as  to  grain,  and  all  lower 
quantities  may  be  either  eftimated  by  the  pofition  of  the  index,  or  fhewn  by  ac- 
tually counting  rhe  rings  of  wire,  whofe  value  has  been  determined. 

17.  In  philofophical  experiments,  it  will  be  found  very  convenient  to  admit  no 
more  than  one  dimenfion  of  weight.  The  grain  is  of  that  magnitude  as  to  deferve 
the  preference.  With  regard  to  the  number  of  weights  the  chemift  ought  to  be 
provided  with,  writers  have  differed  according  to  their  habits  and  views.  Ma- 
thematicians have  computed  the  leaft  poflible  number  with  which  all  weights 
within  certain  limits  might  be  afcertained  ; but  their  determination  is  of  little  ufe. 
Becaufe,  with  fo  fmall  a number,  it  mud  often  happen  that  the  fcales  will  be  hea- 
vily loaded  with  weights,  on  each  fide,  put  in  with  a view  only  to  determine  the 
difference  between  them.  It  is  not  the  leaf!  poflible  number  of  weights  which  it 
is  neceffary  an  operator  fhould  buy  to  effed  his  purpofe,  that  we  ought  to  enquire 
after,  but  the  mod  convenient  number  for  afcertaining  his  enquiries  with  accuracy 
and  expedition.  The  error  of  adjuftment  is  the  leaf!;  poflible,  when  only  one 
weight  is  in  the  fcale ; that  is,  a Angle  weight  of  five  grains  is  twice  as  likely  to  be 
true,  as  two  weights,  one  of  three,  and  the  other  of  two  grains,  put  into  the  difh  to 
fupplythe  place  of  the  Tingle  five;  becaufe  each  of  thefe  laft  has  its  own  proba- 
bility of  error  in  adjuftment.  But,  fince  it  is  as  inconfiftent  with  convenience  to 
provide  a Angle  weight,  as  it  would  be  to  have  a Angle  character  for  every  num- 
ber ; and  as  we  have  nine  characters,  which  we  ufe  in  rotation,  to  exprefs  higher 
values  according  to  their  pofltion,  it  will  befound  very  ferviceable  to  make  the  fetof 
weights  correfpond  with  our  numerical  fyftem.  This  directs  us  to  the  fet  of  weights 
as  follows  : 1000  grains,  900  g.  Boo  g.  700  g.  600  g.  500  g.  400  g.  300  g.  2oog. 
100  g.  90  g.  80  g.  70  g.  60  g.  50  g.  40  g.  30  g.  20  g.  10  g.  9 g-  8 g-  7 g-  6 g* 
5 g-  4 g.  3 g-  2 g-  1 g-  tV  g-  tV  g.  To  g.  TO-  g-  tV  g To  g.  tV  g.  -nr  g-  tV  g. 
TTO-  g-  -re-T  g*  T To  g*  TTc-  g-  TTo  g*  Try  g*  TOT-  g*  TOT  g-  rjo  g-  With  thefe 

the  philofopher  will  always  have  the  fame  number  of  weights  in  his  fcales  as  there 
are  figures  in  the  number  exprefling  the  weights  in  grains. 

Thus  742.5  grains  will  be  weighed  by  the  weights  700,  40,  2,  and  To. 

I fhall  conclude  this  chapter  with  an  account  of  fome  balances  I have  feen  or 
heard  of,  and  annex  a table  of  the  correfpond ence  of  weights  of  different  coun- 
tries. 

Mufchenbroek,  in  his  Cours  de  Phyflque  (French  tranflation,  Paris,  1769), 
tom.  ii.  p.  247,  fays,  he  ufed  an  ocular  balance  of  great  accuracy,  which  turned 
(tre'ouchoit)  with  ~ of  a grain.  The  fubftances  he  weighed  were  between  200 
and  300  grains.  His  balance  therefore  weighed  to  the  -ttot  part  of  the  whole ; 
and  would  afcertain  fuch  weights  truly  to  four  places  of  figures.. 

In  the  Philofophical  Tranfadions,  vol.  lxvi.  p.  509,  mention  is  made  of  two 
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accurate  balances  of  Mr.  Bolton ; and  it  is  faid  that  one  would  weigh  a pound, 
and  turn  with  the  of  a grain.  This,  if  the  pound  be  avoirdupois,  is  °f 

the  weight ; and  fhews  that  the  balance  could  be  well  depended  on  to  four  places 
of  figures,  and  probably  to  five.  The  other  weighed  half  an  ounce,  and  turned 
with  the-n^r  of  a grain.  This  is  the  5-  of  the  weight. 

In  the  fame  volume,  page  51 1,  a balance  of  Mr.  Read’s  is  mentioned,  which 
readily  turned  with  lefs  than  one  pennyweight,  when  loaded  with  55  pounds,  be- 
fore the  Royal  Society  ; but  very  diftinctly  turned  with  four  grains,  when  tried 
more  patiently.  This  is  about  the  -§-5^-5-  part  of  the  weight  j and  therefore  this 
balance  may  be  depended  on  to  five  places  of  figures. 

Alfo,  page  576,  a balance  of  Mr.  Whitehurft’s  weighs  one  pennyweight,  and  is 
fenfibly  affected  with  the  -roVs-  of  a grain.  This  is  the  TT4^-^part  of  the  weight. 

I have  a pair  of  fcales  of  the  common  conftruction,  § 8,  made  exprefsly  for  me 
by  a fkilful  workman  in  London.  With  1200  grains  in  each  fcale,  it  turns  with 
the  of  a grain.  This  is  the  Tt4oq-  of  the  whole  ; and  therefore  about  this 
weight  may  be  known  to  five  places  of  figures.  The  proportional  delicacy  is  lefs 
in  greater  weights.  The  beam  will  be  near  a pound  troy  ; and  when  the  fcales 
are  empty,  it  is  affected  by  the  -0V0  °f  a grain.  On  the  whole,  it  may  be  ufefully 
applied  to  determine  all  weights  between  100  grains  and  4000  grains  to  four  places 
of  figures. 

A balance  belonging  to  Mr.  Alchorne  of  the  Mint,  in  London,  is  mentioned, 
vol.  lxxvii.  p.  205,  of  the  Philofophical  Tranfactions.  It  is  true  to  3 grains  with 
151b.  an  end.  If  thefe  were  avoirdupois  pounds,  the  weight  is  known  to  the  TT-5-o-g- 
part,  or  to  four  places  of  figures,  or  barely  five. 

A balance  (made  by  Ramfden,  and  turning  on  points  inftead  of  edges)  in  the 
pofleffion  of  Dr.  George  Fordyce,  is  mentioned  in  the  feventy-fifth  volume  of  the 
Philofophical  Tranfactions.  With  a load  of  four  or  five  ounces,  a difference  of  one 
divifion  in  the  index  was  made  by  the  of  a grain.  This  is  the  part 

of  the  weight,  and  confequently  this  beam  will  afcertain  fuch  weights  to  five 
places  of  figures,  befides  an  eftimate  figure. 

I have  feen  a ftrong  balance  in  the  pofleffion  of  my  friend  Mr.  Magellan,  of  the 
kind  mentioned  in  § 15,  which  would  bear  feveral  pounds,  and  fliewed  the  of 
a grain,  with  one  pound  an  end.  This  is  the  of  the  weight,  and  anfwers 

to  five  figures.  But  I think  it  would  have  done -more  by  a more  patient  trial  than 
I had  time  to  make. 

The  Royal  Society’s  balance,  which  was  lately  made  by  Ramfden,  turns  on 
fteel  edges,  upon  planes  of  polifhed  cryftal.  I was  aflured  that  it  afcertained  a 
weight  to  the  (even  millionth  part.  I was  not  prefent  at  this  trial,  which  muft  have 
required  great  care  and  patience,  as  the  point  of  fufpenfion  could  not  have  moved 
over  much  more  than  the  of  an  inch  in  the  firft  half  minute  : but,  from  fome 
trials  which  1 faw,  I think  it  probable  that  it  may  be  ufed  in  general  practice  to 
determine  weights  to  five  places  and  better. 

From  this  account  of  balances,  the  fludent  may  form  a proper  eftimate  of  the  va- 
lue of  thdfe  tables  of  fpecific  gravities,  which  are  carried  to  five,  fix,  and  even 
feven  places  of  figures,  and  likewife  of  the  theoretical  deductions  in  chemiftry  that 
depend  on  a fuppofed  accuracy  in  weighing,  which  practice  does  not  authorife.  In 
general,  where  weights  are  given  to  five  places  of  figures,  the  laft  figure  is  an  efti- 
mate, or  guefs  figure  ; and  where  they  are  carried  farther,  it  may  be  taken  for 
granted  that  the  author  deceives  either  intentionally,  or  from  want  of  fkill  in  re- 
ducing his  weights  to  fractional  expreffions,  or  otherwife. 
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Among  the  numerous  public  exertions  which  our  learned  neighbours,  the 
French,  have  made  in  favour  of  the  fciences,  the  determination  of  the  relative  pro- 
portions of  the  weights  ufed  in  various  parts  of  Europe,  is  by  no  means  one  of  the 
lead.  The  mod  exadt  dandard  weights  were  procured  by  means  of  the  ambafla- 
dors  of  France,  refident  in  various  places ; and  thefe  were  compared  by  Monf. 
Tillet  with  the  dandard  mark  in  the  pile  preferved  in  the  Cour  de  Monnoies  de 
Paris.  His  experiments  were  made  with  an  exact  balance  made  to  weigh  one 
marc,  and  fenfible  to  one  quarter  of  a grain.  Now,  as  the  mark  contains  18,432 
quarter  grains,  it  follows  that  his  balance  was  a good  one,  and  would  exhibit  pro- 
portions to  four  places,  and  a guefs  figure.  The  refults  are  contained  in  the  fol- 
lowing table,  extracted  from  Monf.  Tillet’s  excellent  Paper  in  the  Memoirs  of  the 
Royal  Academy  of  Sciences  for  the  year  1767.  I have  added  the  two  lad  columns, 
which  fhevv  the  number  of  French  and  Englilh  grains  contained  in  the  compound 
quantities  againd  which  they  dand.  The  Englifh  grains  are  computed  to  one- 
tenth  of  a grain,  although  the  accuracy  of  weighing  came  no  nearer  than  about 
two-  tenths. 
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Table  of  the  Weights  of  different  Countries. 


Place  and  Denomination  of  Weight, 

Berlin.  The  marc  of  1 6 loths  — * 

Berne.  Goldfmiths  weight  of  8 ounces 
Berne.  Pound  of  16  ounces,  for  merchandize 


towns  of  the  Canton. 
Apothecaries  weight  of  8 ounces 


Berne. 

Bonn. 

Bruffels.  The  marc,  or  original  troyes  weight 
Cologn.  The  marc  of  1 6 loths  — 

Conftantinople.  The  cheki,  or  100  drachms 


equal  to  the  marc  of  Cologn  — — 

Copenhagen.  Merchants  weight  of  16  loths 
Dantzick  weight ; commonly  fuppofed  equal  to  the  marc 

of  Cologn  — — 

Florence.  The  pound  (anciently  ufed  by  the  Romans)  - 

Genoa.  The  pefo  fottile  • — — 

Genoa.  The  pefo  grolfo  . 

Hamburgh  weight ; commonly  fuppofed  equal  to  the  7 

Cologn  marc  — - — j 

Hamburgh.  Another  weight  — 

Liege.  The  Bruffels  marc  ufed  ; but  the  weight  proved 
Lifbon.  The  marc,  or  half  pound  — ■. 

London.  The  pound  troy  

London.  The  pound  avoirdupoife  . 

Lucca.  The  pound  — — 

Madrid.  The  marc  royal  of  Caftile  — ■ — 

Malta.  The  pound  — — 

Manheim.  (The  Cologn  marc)  — — 

Milan.  The  marc  — 

Milan.  The  libra  grofTa  — — 

Munich.  (The  Cologn  marc).  ■ » .. 

Naples.  The  pound  of  12  ounces  — 

Ratilbon.  The  weight  for  gold  : of  128  crowns 
Ratifbon.  The  weight  for  ducats  : of  64  ducats 
Ratifbon.  The  marc  of  8 ounces  — 

Ratifbon.  The  pound  of  16  ounces  — 

Rome.  The  pound  of  1 2 ounces  — 

Stockholm.  The  pound  of  2 marcs  - 

Stuttgard.  (The  Cologn  marc)  — 

Turin.  The  marc  of  8 ounces  — — 


ounces.  . But,  in  their  apothecaries  pound  of 
ounces,  the  ounce  is  one  fixth  lighter. 

Warfaw.  The  pound  — — 

Venice.  The  libra  grofTa  of  12  ounces  — 

Venice.  The  pefo  fottile  of  12  ounces  — 


confiderably  in  each. 
Vienna.  The  marc  of  commerce 
Vienna.  The  marc  of  money 
France.  The  grain  — 

England.  The  grain 


Marc. 

or. 

gros. 

grams, 

. F.  grains. 

E.  grains. 

— 

7 

5 

16 

4408 

3616.3 

1 

— 

1 

2 

4 

4648 

3813.2 

- 2 
r 

1 

I 

-r 

6 

9834 

8067.7 

_ 

7 

si 

26 

4454 

3654- 

| 

7 

5 

6| 

4398! 

3608.6 

j j 

— 

— 

2 1 

4629 

3797-6 

- — 

7 

5 

1 1 

- 4403 

" 36x2.2 

1 

2 

3 

28 

6004 

4925.6 

7 

5 i 

10} 

4438? 

3641.2 

1 

— 

1 

22i 

4702! 

38S7-9 

— 

7 

5 

3l 

43954 

3606. 

- 1 

3 

2 

20 

6392 

5244. 

1 

2 

24 

3° 

5970 

4897.7 

- 1 

2 

3 

5 

5981 

4906.7 

— 

7 

5 

7 i 

4399! 
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BALLS,  MARTIAL.  A medical  compofition,  confifting  of  iron  filings  and 
cream  of  tartar,  ufed  to  impregnate  water,  or  other  liquids,  with  iron  diflolved  by 
the  acid  of  tartar.  To  make  thefe  balls,  one  part  of  filings  of  iron  and  two  parts- 
of  powdered  cream  of  tartar  are  mixed  well  together,  and  put  into  an  earthen  or 
iron  vefl'el  with  fome  water.  This  mixture  is  to  be  ftirred  from  time  to  time,  un- 
til it  becomes  almoft  dry,  and  then  it  is  to  receive  more  water,  and  to  be  ftirred' as. 
before.  This  treatment  is  to  be  continued  until  it  acquires,  when  nearly  dry,, 
fomewhat  of  the  confidence  and  tenacity  of  foftened  refin.  Then  it  is  to-be  rolled- 
up  into  the  form  of  a ball,  which  is  generally  kept  tied  up  in  a rag;  and  when  in- 
tended to  be  ufed,  it  is  to  be  infufed  in  water  until  it  gives  fome  colour  to  that 
liquid. 

In  this  compofition,  part  of  the  acid  of  tartar,  which  is  redundant  in  the  cream 
of  tartar,  combines  with  part  of  the  iron  ; and  the  remaining  or  greater  part  of 
the  cream  of  tartar  and  iron  continues  folid  in  this  way  of  proceeding.  The  info- 
fion  of  the  martial  ball  in  water  does  not  therefore  differ,  as  Macquer  obferves,  ' 
from  the  tartarized  tintfture  of  iron.  Its  virtues  are  much  the  fame  as  thole.  of 
other  martial  medicines.  Thefe  balls  are  unknown  to  us  in  England. 

BALLS,  MERCURIAL.  Thefe  confift  of  an  amalgam  of  tin  and  mercury, 
in  which  the  former  metal  fo  far  predominates,  as  to  give  the  mafs  a folid  form. 
Macquer  mentions  the  ufe  of  them  by  travellers  to  purify  water,  in  which  they  are 
boiled  for  this  purpofe.  I do  not  fee,  however,  in  what  refpedt  they  would  pro* 
duce  any  material  advantage.  The  mercurial  impregnation,  which  the  water 
would  flightly  receive  from  this  treatment,  does  not  feem  likely  to  counteract  in 
any  considerable  degree  the  bad  qualities  of  another  nature  which  may  predomi- 
nate in  waters. 

BALASS,  or  Balais  Ruby.  A precious  ftone  of  a pale  red  colour,  inclin- 
ing to  violet.  It  comes  chiefly  from  the  Brazils;  although  fome  likewife  come 
from  the  Eaft  Indies.  The  value  of  the  Balafs  ruby  is  about  thirty  (hillings  per 
carat,  according  to  Dutens. 

BALLOON.  Receivers  of  a fpherical  form  are  called  Balloons  by  the  French^ 
and  likewife  by  feveral  tranflators  from  that  language. 

BALLOON,  AIR,  or  Aeros taticau.  The  firfl:  experiment  for  floating  bo- 
dies in  theatmofphere,  by  inchjd  mg  within  them  a fluid  fpecifically  lefs  heavy  than, 
common  air,  was  made  by  Meflrs.  Stephen  and  John  Mongolfier,  at  Avignon,  in 
the  month  of  November  1782.  They  raifed  a bag  of  filk,  by  inflating  it  with 
common  air,  heated  or  altered  by  combuftion  ; it  being  evident  that  fuch  a bag 
muft  rife  on  the  fame  principle  as  fmokeafcends  from  a chimney.  This  experi- 
ment led  feveral  French  philofophers  to  the  confideration,  that  inflammable  air,  of 
which  the  great  levity  had  been  afcertained  by  Mr.  Cavendilh  in  1766,  might 
with  more  permanent  advantage  be  applied  to  this  purpofe  ; and  accordingly  M. 
Faujas  St.  Fond  conftrutfted  a machine  on  this  principle  by  public  fubfcription  at 
Paris,  which  was  fuffered  to  rife  into  the  atmofphere  from  the  Champ  de  Mars,. in 
the  month  of  Auguft  1783.  Pilatre  de  Rozier  firft  afcended  into  the  air  with  a 
balloon  on  Mongolfier’s  pi  inciple  ; and  Meflrs.  Charles  and  Robert  made  the  firfl: 
experiment  of  afcending  with  a balloon  filled  with  inflammable  air. 

Cavallo’s  Treatife  on  the  Hiftory  and  Praftice  of  Aeroftatron  may  be  con- 
fulted  for  an  account  of  the  methods  of  conftrucfting  and  filling  thefe  machines. 
The  molt  ufual  means  of  obtaining  the  inflammable  air  has  been  to.diflolve  iron 
fhavings  or  turnings  in  diluted  vitriolic  acid  j but  it  appears  probable  that  the  cal- 
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cination  of  ignited  iron  by  fleam  would  prove  the  cheapefl,  if  the  demand  for  ma- 
chines of  this  kind  were  ever  to  become  confiderable. 

BALSAM.  The  feveral  vegetable  principles  in  commerce  have  been  diftin- 
guifhed  by  various  names  which  bear  no  relation  to  their  properties,  conlidered 
with  regard  to  fcientific  arrangement.  They  have  been  ufualiy  conlidered  to  be 
oily  aromatic  fubftances,  imperfectly  fluid,  obtained  from  incifions  made  in  cer- 
tain trees.  Several  French  chemifts,  among  whom  are  Fourcroy  and  Chaptal, 
have  adopted  the  judicious  diftindtion  of  Bucquet,  who  has  confined  this  deno- 
mination to  fuch  refinous  matters  alone  as  pofl’efs  a fragrant  fmell,  and  more  efpe- 
cially  contain  acid,  odorant,  and  concrete  falts,  that  may  be  extradled  by  decoc- 
tion or  fublimation.  The  principal  balfams,  according  to  this  divifion,  are  ben- 
zoin, balfam  of  Tolu  or  Peru,  and  florax,  which  fee. 

BALSAM  OF  SULPHUR.  A folution  of  fulphur  in  oil. 

All  oils,  whether  exprefled  or  effential,  can  diflolve  fulphur.  To  make  this, 
folution,  the  oil  mull  be  poured  on  the  fulphur,  and  fufficient  heat  applied  to 
melt  the  fubftance.  While  the  oil  diflolves  the  fulphur,  it  acquires  a reddifli 
or  brown  colour,  an  acrid,  difagreeable  tafle,  and  a flrong  fetid  fmell,  fomewhat 
hepatic,  refembling  that  of  the  combination  of  oil  with  vitriolic  acid. 

It  is  not  well  aicertained  what  happens  in  this  combination*  The  fixed  oils  de- 
pofit  fulphur  in  the  cryflallized  flate  ; but  when  the  balfam  of  fulphur  is  diddled, 
the  fulphur  itfelf  is  totally  decompofed,  or  at  leaft  it  is  no  where  found  in  a difen- 
gaged  flate.  Homberg,  by  diflillation  with  a very  flow  fire,  obtained  volatile  ful- 
phureous  acid,  vitriolic  acid  of  various  degrees  of  flrength,  fome  oil,  partly  fluid 
and  partly  thick,  and  a coaly  refidue,  but  no  fulphur.  From  this  experiment  it 
appears,  that  the  acid  principle  of  the  oil  acidifies  a certain  part  of  the  fulphur;. 
and  it  is  more  than  probable,  that  the  inflammable  air  of  the  oil  comes  over  in  the 
hepatic  form,  in  combination  with  another  part  of  the  fulphur. 

There  is  fome  danger  of  explofion,  when  combinations  of  oil  and  fulphur  are 
too  fuddenly  and  confiderably  heated. 

BARYTES.  See  Earth,  ponderous* 

B ARBADOES  TAR.  Petroleum,  long  expofed  to  the  air,  becomes  converted 
into  this  fubftance.  It  is  vifcid,  brown,  black,  or  reddifli ; is  not  foluble  in  ardent: 
fpirit ; eafily  melts,  and  burns  with  much  fmoke.  It  contains  a portion  of  acid 
of  amber. 

BASALTES.  A dark  grey  or  black  flone,  generally  of  a ferruginous  appear- 
ance externally,  and  cryflallized  in  large  prifms,  ufualiy  hexagonal,  but  frequently- 
eonfifting  of  a greater  or  lefs  number  of  fides.  From  the  natural  hiftory  of  this, 
flone  it  is  well  afcertained  to  be  a volcanic  product,  which  has  flowed  in  prodi- 
gious ftreams  during  the  eruptions  of  burning  mountains,  and  afterwards  cracked 
by  cooling,  and  perhaps  by  the  evaporation  of  fome  volatile  fubftance,  in  the  fame- 
manner  as  clays,  ftarch,  and  other  fubftances  are  obferved  to  crack.  It  lias  been 
a matter  of  controverfy  among  various  mineralogifts,  whether  the  bafaltes  has  been 
formed  in  the  humid  or  in  the  dry  way.  Either  procefs  is  perfedlly  confident  witli 
what  we  know  of  volcanic  phenomena.  The  probability  appears  however  to  be  in 
favour  of  thofe  chemifts,  who  fuppofe  bafaltes  to  owe  its  liquefa£tion  to  water ; for 
although  it  is  fufible  by  fire,  it  then  forms  a fubftance  of  a very  different  appear- 
ance from  that  which  has  been  ejedted  from  the  volcanos.  In  this  laft  fituation 
it  forms  a black  glafs. 

Bafaltes  is  either  found  in  irregular  maffes  of  all  fizes,  fometimes  lamellated  like 
flate,  and  of  large  dimenfions,  and  at  other  times  forming  folid  blocks.  But  the 
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moft  remarkable  is  the  columnar  bafaltes,  which  forms  immenfe  mafles,  compofed 
of  columns,  thirty,  forty,  or  more  feet  in  height,  and  of  enormous  thicknefs.  Thefe 
conftitute  fome  of  the  moft  aftoniflhing  fcenes  in  nature  for  the  immenfity  and  re- 
gularity of  their  parts.  The  coaftof  Antrim  in  Ireland,  forthefpace  of  three  miles  in 
length,  exhibits  a moft  magnificent  variety  of  columnar  cliffs ; and  the  Giants  Caufe- 
way  confifts  of  a point  of  that  coaft  formed  of  fimilar  columns,  and  projefting 
into  the  fea  upon  a defcent  for  feveral  hundred  feet.  Thefe  columns  are,  for  the 
moft  part,  hexagonal,  and  fit  very  accurately  together,  being  in  fome  inftances 
united  by  a ftony  cement,  but  moft  frequently  not  adherent  to  each  other.  And 
the  bafaltic  appearances  on  the  Hebrides  illands  on  the  coaft  of  Scotland,  as  de- 
fcribed  by  Sir  Jofeph  Banks,  who  vifited  them  in  17 72;  are  upon  a fcale  ftill  more 
ftriking  for  its  vaftnefs  and  variety. 

An  extenfive  field  of  enquiry  is  here  offered  to  the  geological  philofopher  in  his 
attempts  to  afcertain  the  alterations  to  which  the  globe  has  been  fubjeded.  The 
enquiries  of  the  chemift  equally  co-operate  in  thefe  refearches,  and  tend  likewife 
to  (hew  whatufeful  purpofes  this  and  other  fubftances  may  be  applied  to.  Berg- 
mann  found  that  the  component  parts  of  various  fpecimens  of  bafaltes  were,  at  a 
medium,  52  parts  (ilex,  15  pure  clay,  8 chalk,  or  mild  calcareous  earth,  and  25 
iron.  The  differences  feem  however  to  be  confiderable ; for  Faujas  de  St.  Fond 
gives  thefe  proportions: — 46  (ilex,  30  clay,  10  lime,  6 magnefia,  and  8 iron. 

BASIS,  or  Base.  The  chemical  philofophers  have  for  a long  time  been  in  the 
habit  of  confidering  the  acids  as  bodies  pofleffing  an  adivity  peculiar  to  them- 
felves ; and  have,  in  general,  overlooked  the  circumftance,  that  an  equaj.adivity, 
or  power  of  attraction,  mull  exift  in  thofe  fubftances  with  which  they  combine, 
and  are  by  that  means  deprived  of  their  diftindive  properties.  The  fubftances 
with  which  acids  enter  into  combination,  and  are  faid  to  be  neutralized,  are 
for  the  moft  part  lefs  volatile  than  the  acids  themfelves ; and  accordingly  commu- 
nicate a decree  of  fixity  to  thofe  acids.  From  both  thefe  reafons,  writers  have 
been  led  to  diftinguifh  the  fubftance  which  is  united  with  any  acid,  by  the  name 
of  the  balls  of  the  compound,  or  neutral  fait.  As  a confiderable  advantage,  with 
regard  to  chemical  language,  is  obtained  from  the  ufe  of  this  terrq,  which  is  not 
altogether  improper,  it  is  ftill  much  ufed  by  chemical  authors.  Thus,  we  fay, 
falts  with  earthy  bafes,  fairs  with  alkaline* bafes,  or  falts  with  metallic  bafes,  ac- 
cordingly as  the  cafe  may  be;  by  which  it  istobeunderftood  that  thefe  fubftances  are 
united  with  an  acid.  And  fo,  likewife,  the  expreffions,  vitriolic  fait  with  balls  of 
clay,  nitrous  fait  with  balls  of  vegetable  alkali,  marine  fait  with  balls  of  iron, 
and  other  fimilar  expreffions,  are  ufed  to  advantage  by  chemical  writers  who  wilh 
to  defcribe  combinations,-  and  at  the  fame  time  to  avoid  the  ufual  names  which 
in  many  inftances  refer  to  theories  either  exploded  or  doubtful. 

BATH.  The  heat  communicated  from  bodies  in  combuftion,  mull  neceffarily 
vary  according  to  circumftances ; and  this  variation  not  only  influences  the  re- 
fult-s  of  operations,  but  in  many  inftances  endangers  the  veffels,  efpecially  if  they 
be  made  of  glafs.  Among  the  feveral  methods  of  obviating  this  inconvenience, 
one  of  the  moft  ufual  confifts  in  interpofing  a quantity  of  fand,  or  other  matter, 
between  the  fire  and  the  veffel  intended  to  be  heated.  The  fand  bath  and  the 
water  bath  are  moft  commonly  ufed  ; the  latter  of  which  is  called  Balneum  Maris 
by  the  elder  chemifts.  A bath  of  fleam  may  in  fome  inftances  be  found  preferable 
to  the  water  bath.  Some  chemifts  have  propofed  baths  of  melted  lead,  of  tin,  and 
of  other  fufible  fubftances.  Thefe  may  perhaps  be  found  advantageous  in  a few 
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peculiar  operations,  in  which  the  intelligent  operator  muft  indeed  be  left  to  his 
own  fagacity. 

The  water  bath  is  nothing  more  than  a pot  or  veffel  containing  water,  which  is 
kept  boiling,  and  in  which  the  digesting  or  diftillatory  veffels  are  kept  immerfed. 
As  the  heat  of  boiling  water  is  nearly  ftationary,  this  temperature  is  found  very 
advantageous  in  the  diftillation  of  effiential  oils,  and  all  other  fubftances  in  which 
an  empyreumatic  taint  is  to  be  feared.  It  may  eafily  be  imagined  that  the  form 
of  the  bath,  as  well  as  of  the  veffels,  may  be  varied  according  to  the  purpofes  re- 
fpectively  aimed  at. 

The  fand  bath  confifts  of  fand  placed  either  in  an  iron  pot,  or  upon  an  iron 
hearth  with  fire  underneath.  In  this  the  heat  is  gradually  communicated,  although 
lefs  uniformly  than  by  the  water  bath  ; and  it  may  likewife  be  carried  to  ignition. 
As  the  heat  is  greateft  towards  the  bottom  of  the  fand,  the  operator  poffeffes  a 
power  of  moderating  it  by  raifing  the  veffel  when  neceffary.  The  exrenfive  fand 
bath  which  is  formed  by  fpreading  fand  upon  an  iron  hearth,  is  very  ufeful  for  di- 
geftion,  folution,  evaporation,  and  other  chemical  proceffes,  which  may  be  carried 
on  at  the  fame  time  in  a confiderable  number  of  veffels. 

BDELLIUM.  A gum  refin,  fuppofed  to  be  of  African  origin.  The  beft 
bdellium  is  of  ayellowifh  brown,  or  dark  brown  colour,  according  to  its  age;  unc- 
tuo.us  tothetouch,  brittle,  but  foon  foftening,  and  growing  tough  betwixt  the  fin- 
gers; in  fome  degree  tranfparent,  not  unlike  myrrh;  of  a bitterifh  tafte,  and  a mo- 
derately ftrong  fmell.  It  does  not  eafily  take  flame,  and  when  fet  on  fire  foon 
goes  out.  In  burning,  it  fputters  a little,  owing  to  its  aqueous  humidity  ; but 
cannot  be  faid  to  explode,  much  lefs  to  explode  like  gunpowder,  as  Herman  Va- 
lentini  reports. 

An  ounce  of  picked  bdellium,  treated  with  water,  afforded  Neumann  fix  drams 
two  fcruplesof  gummy  extrabl ; and  afterwards,  with  l'pirit,  two  fcruples  of  refin,  two 
fcruples  remaining  undiffolved.  Another  fcruple,  treated  firft  with  rectified  fpirit, 
yielded  two  drams  of  rcfinous  extrabl;  and  afterwards,  with  water,  five  drams  two 
fcruples  of  gum,  only  one  fcruple  remaining  undiffolved.  The  diftilled  fpirit  has 
no  tafte  or  Imell  of  the  bdellium,  and  the  diftilled  water  very  little. 

BEE-GLEW.  A foft  undtuous  glutinous  matter,  ufed  by  the  bees  for  cement- 
ing the  combs  to  the  4hives,  and  doling  up  the  cells.  Neumann  feems  to  confider 
it  as  different  from  the  wax;  but  I do  not  find  that  any  experiments  have  been 
made  upon  it. 

BEER  is  the  wine  of  grain.  Malt  is  ufually  made  of  barley.  The  grain  is 
fteeped  for  two  or  three  days  in  water  until  it  fwells,  becomes  fomewhat  tender,  and 
tinges  the  water  of  a bright  reddifh  brown  colour.  The  water  being  then  drained 
away,  the  barley  is  fpread  about  two  feet  thick  upon  a floor,  where  it  heats  fponta- 
neoufly,  and  begins  to  grow,  by  firft  fhooting  out  the  radicle.  In  this  ftate,  the  ger- 
mination is  flopped  by  fpreading  it  thinner,  and  turning  it  over  for  two  days ; after 
which  it  is  again  made  into  an  heap,  and  buffered  to  become  fenfibly  hot,  which 
ufually  happens  in  little  more  than  a day.  Laftly,  it  is  conveyed  to  the  kiln,  where, 
by  a gradual  and  low  heat,  it  is  rendered  dry  and  crifp.  This  is  malt ; and  its  qua- 
lities differ  according  as  it  is  more  or  lefs  foaked,  drained,  germinated,  dried,  and 
baked.  In  this,  as  in  other  manufablories,  the  intelligent  operators  often  make  a 
myftery  of  their  proceffes,  from  viewa  of  profit ; and  others  pretend  to  peculiar 
fecrets,  who  really  poffefs  none. 

Indian  corn,  and  probably  all  large  grain,  require  to  be  fuffered  to  grow  into  the 
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blade,  as  well  as  root,  before  it  is  fit  to  be  made  into  malt.  For  this  purpofe,  it 
is  buried  about  two  or  three  inches  deep  in  the  ground,  and  covered  with  loofe 
earth  ; and  in  ten  or  twelve  days  it  fprings  up.  In  this  (late,  it  is  taken  up  and 
wafhed,  or  fanned,  to  clear  it  from  its  dirt ; and  then  dried  in  the  kiln  for  ufe. 

Beer  is  made  from  malt  previoufly  ground,  or  cut  in  pieces,  by  a mill.  This  is 
placed  in  a tun,  or  tub  with  a falfe  bottom  ; hot  water  is  poured  upon  it,  and  the 
whole  ftirred  about  with  a proper  inflrument.  The  temperature  of  the  water  in 
this  operation,  called  Mafhing,  mull  not  be  equal  to  boiling;  for,  in  that  cafe, 
the  malt  would  be  converted  into  a pafte,  from  which  the  impregnated  water 
could  not  be  feparated.  After  the  infufion  has  remained  for  fome  time  upon  the 
malt,  it  is  drawn  off,  and  is  then  diftinguifhed  by  the  name  of  Sweet  Wort.  By 
one  or  more  fubfequent  infufions  of  water,  a quantity  of  weaker  wort  is  made, 
which  is  either  added  to  the  foregoing,  or  kept  apart,  according  to  the  intention 
of  the  operator.  The  wort  is  then  boiled  with  hops,  which  gives  it  an  aromatic 
bitter  tafle,  and  is  fuppofed  to  render  it  lefs  liable  to  be  fpoiled  in  keeping;  after 
which  it  is  cooled  in  fhallow  veffels,  and  fuffered  to  ferment,  with  the  addition  of  a 
proper  quantity  of  yeaft.  The  fermented  liquid  is  beer  ; and  differs  greatly  in 
its  quality,  according  to  the  nature  of  the  grain,  the  malting,  the  mafhing,  the 
quantity  and  kind  of  the  hops  and  the  yeaft,  the  purity  or  admixtures  of  the  water 
made  ufe  of,  the  temperature  and  viciffitudes  of  the  weather,  &c. 

BELLY.  When  a metallic  ore  is  found,  not  in  veins,  but  diftinCl  maffes, 
thefe  are  called  Bellies  or  Stock  Works  by  the  miners.  In  the  iron  founderies, 
likewife,  the  large  air  veffels  which  receive  the  air  from  iron  bellows,  worked  by 
fleam  engines,  and  tranfmit  it  in  an  equal  ftream  to  the  furnace  by  the  re-aCtion  of 
water,  are  called  by  the  workmen  Regulating  Bellies. 

BELL-METAL.  The  balls  of  the  compofition  called  Bell-metal,  is  copper, 
which  is  alloyed  chiefly  with  tin.  Silver  is  faid  to  be  fometimes  added.  A fmall 
proportion  of  tin,  added  to  copper,  deprives  it  of  its  malleability  fofar  as  to  ren- 
der it  quite  brittle  ; and  the  fpecific  gravity  of  the  compound  is  always  greater  than 
would  be  deduced  by  computation  from  the  quantities  and  fpecific  gravities,  of  its 
component  parts.  In  certain  proportions,  it  even  exceeds  that  of  the  heavier  me- 
tal. The  colour  of  bell-metal  is  much  whiter  than  might  be  expe&ed  from  the 
proportion  of  tin  which  enters  into  its  compofition  ; and  when  this  laft  metal  con- 
ftitutes  one-third  of  the  mafs,  the  compound  is  fo  perfectly  white,  as  to  reflect  the 
images  of  all  coloured  bodies  without  alteration,  when  duly  polifhed.  See  Spe- 
culum. 

BEN,  OIL  OF.  This  is  obtained  from  the  ben  nut,  by  fimple  preffure.  It  is 
remarkable  for  its  not  growing  rancid  in  keeping,  or  at  lead  not  until  it  has  flood 
for  a number  of  years;  and,  on  this  account,  it  is  ufed  in  extracting  the  aromatic 
principle  of  fuch  odoriferous  flowers  as  yield  little  or  no  effential  oil  in  diflillation. 
Thefe  preparations  are  made  in  Spain,  Portugal,  and  more  efpecially  Italy,  by  the 
following  method,  according  to  Neumann  : — Some  fine  carded  cotton  is  dipped  in 
oil,  and  laid  in  the  bottom  of  a proper  veffel  : on  this  is  fpread  a pretty  thick 
layer  of  frefh  flowers,  above  thefe  fome  more  of  the  dipped  cotton  ; and  thus  al- 
ternately till  the  veffel  is  full.  The  whole  is  then  digefted,  for  a day  and  a night, 
in  the  heat  of  a water  bath  ; after  which  the  flowers  are  taken  out,  the  cotton  ftrati- 
fied  in  the  fame  manner  with  frefh  flowers,  and  the  procefs  repeated  until  the  oil 
fqueezed  out  from  the  cotton  is  found  to  be  fufficiently  impregnated  with  the  odour 
of  the  fubjeCt.  The  digefling  veffel  is  either  of  tin,  with  a cover  to  fcrew  upon  it; 
or  of  porcelain,  compofed  of  two  parts,  which  are  clofely  luted  together.  Moft^ 
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of  them  have  an  air-hole  in  the  top,  which  is  flopped  with  a dofiil  of  the  oiled  cot- 
ton, which  retains  fuch  of  the  odorous  effluvia  as  would  otherwife  make  their 
efcape.  Some,  inftead  of  the  oil  of  ben,  take  the  ben  itfelf,  cut  it  in  pieces, 
ftratify  it  repeatedly  with  the  flowers,  and  then  prefs  out  its  oil;  but  the  oil  thus 
obtained  is  greatly  inferior  in  fragrance  to  the  other. 

BENJAMIN,  or  BENZOIN.  The  tree  which  produces  benzoin  is  a native 
of  the  Eaft  Indies,  particularly  of  the  ifland  Siam  and  Sumatra*.  The  juice  ex- 
fodes  from  incifions,  in  the  form  of  a thick  white  balfam.  If  collected  as  foon  as 
it  has  grown  fomewhat  folid,  it  proves  internally  white  like  almonds,  and  hence 
it  is  called  Benzoe  Amygdaloides  : if  fuffered  to  lie  long  expofed  to  the  fun  and 
air,  it  changes  more  and  more  to  a brownifli,  and  at  laft  to  a quite  reddifh  brown 
colour.  The  dealers  in  this  commodity  never  fell  us  the  fine  white  benzoin  by  it- 
felf, but  mix  it  with  the  inferior  and  fouler  kinds,  that  one  may  carry  off  the  other. 
Hence  in  the  very  beft  benzoin  of  the  (hops,  we  meet  with  pieces  of  various  co- 
lours— white,  yellowifh  white,  yellow,  brownifli  yellow,  brown,  reddifli  brown, 
and  grey,  all  united  in  one  lump.  The  dark-coloured  benzoin,  however,  if  it  is 
free  from  earth  and  woody  impurities,  and  from  admixtures  of  any  other  refin, 
does  not  appear  to  be  inferior  in  goodnefs  to  the  white. 

This  refin  is  moderately  hard  and  brittle,  and  yields  an  agreeable  fmell  when 
rubbed  or  warmed.  It  is  totally  foluble  in  ardent  fpirit ; from  which,  like  other 
refins,  it  may  be  precipitated  by  the  addition  of  water. 

The  white  opake  fluid  thus  obtained  has  been  called  Lac  Virginale ; and  is  ftill 
fold,  with  other  fragrant  additions,  by  perfumers  as  a coffnetic.  Trituration  with 
water  feparates  a fmall  quantity  of  the  peculiar  fait  or  acid  of  benzoin.  See  Acid 
of  Benzoin. 

BERYL.  A precious  ftone  of  a blue  green  colour,  by  many  authors  con- 
founded, and  perhaps  juftly,  with  the  aqua  marine.  Cronftedt  however  calls  the 
lighter- coloured  ftone  Aqua  Marine,  and  the  darker  the  Beryl.  See  Aqua. 
Marine. 

BEZOAR  MINERAL,  This  preparation  is  a calx  of  antimony,  produced  by 
diftilling  the  nitrous  acid  feveral  times  to  drynefs  from  the  butter  of  antimony, 
which  is  a combination  of  dephlogifticated  marine  acid  and  regulus  of  antimony. 
Much  air  efcapes  during  the  diftillation,  which  may  be  prefumed  to  confift  chiefly 
of  the  aeriform  dephlogifticated  marine  acid,  with  nitrous  and  phlogifticated  air. 
Experiments  however  are  wanting.  It  is  not  probable  that  the  remaining  calx,  or 
bezoar  mineral,  poflefles  any  properties  different  fromthofe  of  any  other  well-pre- 
pared calx  of  this  femi-metal. 

BISMUTH  is  a femi-metal  of  a yellowifh  or  reddifli  white  colour,  little  fubjedl 
to  change  in  the  air.  It  is  fomewhat  harder  than  lead,  and  is  fcarcely,  if  at  all,  mal- 
leable ; being  eaffly  broken,  and  even  reduced  to  powder,  by  the  hammer.  The 
internal  face,  or  place  of  fracture,  exhibits  large  fliining  plates,  difpofed  in  a va- 
riety of  pofitions ; thin  pieces  are  confiderably  fonorous.  At  a temperature  not 
exceeding  the  460th  degree  of  Fahrenheit,  it  melts ; and  its  furface  becomes  co- 
vered with  a greenifh-grey  or  brown  calx.  A ftronger  heat  ignites  it,  and  caufes 
it  to  burn  with  a fmall  blue  flame;  at  the  fame  time  that  a yellowifli  calx,  known 
by  the  name  of  Flowers  of  Bifmuth,  is  driven  up.  This  calx  appears  to  rife  in 
confequence  of  the  combuftion  ; for  it  is  very  fixed,  and  runs  into  a greenifli  glafs 


*„Confult  the  Philofophical  Tranfa&ions,  vol.  Ixxvii.  page  307,  for  a botanical  defcription  and  draw- 
ing of  the  tree. 
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when  expofed  to  heat  alone.  Bifmuth  urged  by  a ftrong  heat  in  a clofed  veffel,. 
fublimes  entire.  This  femi  metal  cryftallizes  very  diltindlly  when  gradually 
cooled. 

The  vitriolic  acid  has  a flight  adtion  upon  bifmuth  when  it  is  concentrated  and 
boiling.  Vitriolic  acid  air  is  exhaled,  and  part  of  the  bifmuth  is  converted  into  a 
white  calx.  A fmall  portion  combines  with  the  vitriolic  acid,  and  affords  a deli- 
quefcent  fait  in  the  form  of  fmall  needles. 

The  nitrous  acid  diffolves  bifmuth  with  the  greateft  rapidity  and  violence  ; as 
the  fame  time  that  much  heat  is  extricated,  and  a large  quantity  of  nitrous  air 
efcapes.  The  folution,  when  faturated,  affords  cryftals  as  it  cools ; the  fait  deto- 
nates weakly,  and  leaves  a yellow  calx  behind,  which  effiorefces  in  the  air.  Upon 
diffolving  this  fait  in  water,  it  renders  that  fluid  of  a milky  white,  and  lets  fall  a. 
calx  of  the  fame  colour. 

The  nitrous  folution  of  bifmuth  exhibits  the  fame  property  when  diluted 
with  water,  moll  of  the  metal  falling  down  in  the  form  of  a white  calx,  called  Ma- 
giftery  of  Bifmuth.  This  precipitation  of  the  nitrous  folution,  by  the  addition  of 
water,  is  the  criterion  by  which  bifmuth  is  diftinguifhed  from  all  other  metals* 
The  magiftery  or  calx  is  a very  white  and  fubtile  powder  ; when  prepared  by  the 
addition  of  a large  quantity  of  water,  it  is  ufed  as  a paint  for  the  complexion, 
and  is  thought  gradually  to  impair  the  fkin.  The  liberal  ufe  of  any  paint  for  the 
fkin  feems  indeed  likely  to  do  this  ; but  there  is  reafbn  to  fufpedt,.  from  the  refem- 
blance  between  the  general  properties  of  lead  and  bifmuth,  that  the  calx  of  this 
l'emi-metal  may  be  attended  with  effedts  limilar  to  thofe  which  the  calces  of  lead 
are  known  to  produce. 

The  marine  acid  does  not  readily  adt  upon  bifmuth.  It  is  neceffary  that  the* 
acid  Ihould  be  concentrated,  and  kept  a long  time  in  digeftion  upon  it ; or  that  it 
fhould  be  diftilled  from  the  femi-metal.  The  relidue,  when  walhed  with  water* 
affords  a faline  combination,  which  does  not  eafrly  cryftallize,  but  may  be  fublimed 
in  the  form  of  a foft  fuftble  fait,  called  Butter  of  Bifmuth.  The  marine  folution: 
of  bifmuth  likewife  affords  a precipitate  of  calx  by  the  addition  of  water.  Marine- 
acid  feizes  the  calx  of  bifmuth,  when  added  to  its  folution  in  nitrous  acid,  and 
forms  a compound  of  fparing  folubility,  which  falls  to  the  bottom.  Alkalis  like** 
wife  precipitate  its  calx  j.  but  not  of  fo  beautiful  a white  colour  as  that  afforded  by 
the  affufion  of  pure  water. 

The  effedls  of  earths  and  alkalis  upon  bifmuth,  in>the  dry  way,  have  been  little 
attended  to.  Nitre  calcines  it,  with  fcarcely  any  perceptible  detonation.  Sal  ammo- 
niac is  not  decompofed  by  bifmuth  in  the  metallic  ftate,  although  its  calx  readily 
combines  with  the  marine  acid  of  that  fait,  and  difengages  the  volatile  alkali.  Sul- 
phur unites  with  bifmuth  by  fufion,  and  forms  a blueilh.  grey  brilliant  mafs,  of  a. 
needle-formed  texture. 

This  femi-metal  unites  with  mofl  metallic  fubftances,  and  renders  them  in  ge- 
neral morefufible.  When  calcined  with  the  imperfedt  metals,  its  glafs  diffolves 
them,  and  produces  the  lame  effedt  as  lead  in  cupellation  ; in  which  procefs  it  is 
even  faid  to  be  preferable  to  lead. 

Bifmuth  is  ufed  in  the  compofition  of  pewter,  in  the  fabrication  of  printers 
types,  and  in  various  other  metallic  mixtures. 

It  is  fometimes  found  native;  and  may  be  analyfed  in  the  humid  way  by  fo- 
lution in  nitrous  acid,  and  precipitation  by  the  addition  of  water,  which  throws 
down  one  hundred  and  thirteen  grains  of  calx  for  every  hundred  of  metallic 
bifmuth.  It  is  likewife  found  in  the  calciform  ftate ; and  mineralized  by  fulphur, 
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oF  a grey  colour,  refembling  galena,  but  heavier.  Thefe  ores  may  alfo  be  ana- 
lyfed  by  nitrous  acid,  like  the  foregoing. 

Bifmuth  is  eafily  feparable,  in  the  dry  way,  from  its  ores,  on  account  of  its  great 
fufibility.  It  is  ufnal,  in  the  procefles  at  large,  to  throw  the  bifmuth  ore  into  a fire 
of  wood  ; beneath  which  a hole  is  made  in  the  ground  to  receive  the  metal,  and 
defend  it  from  calcination.  The  fame  procefs  may  be  imitated  in  the  {mall  way, 
in  the  examination  of  the  ores  of  this  metal ; nothing  more  being  neceflary 
than  to  expofe  it  to  a moderate  heat  in  a crucible,  with  a quantity  of  reducing  flux  j 
taking  care,  at  the  fame  time,  to  perform  the  operation  as  fpeedily  as  poffibie,  that 
the  bifmuth  may  be  neither  calcined  nor  volatilized. 

BISTRE.  A brown  pigment,  confiding  of  the  finer  parts  of  wood -foot,  fepa- 
rated  from  the  grofler  by  wafhing. 

BITTERN.  The  mother  water  which  remains  after  the  cryftallization  of  com- 
mon or  marine  fait  in  fea  water,  or  the  water  of  fait  fprings.  It  abounds  with 
Epfom  fait,  or  the  combination  of  vitriolic  acid  with  magnefia,  to  which  its  bitter- 
nefs  is  owing.  See  Water  (Sea). 

BITUMEN.  This  word  is  ufed  with  fome  latitude  by  chemical  writers.  By 
fome  it  is  applied  to  fuch  mineral  fubftances  as  are  of  an  oily  nature,  whether  they 
be  found  in  the  folid  or  the  fluid  date ; others  apply  it  only  to  the  folid  inflam- 
mable fubftances  of  this  kingdom,  excepting  only  fulphur.  It  may  perhaps  be 
moft  convenient  to  ufe  this  term  in  denoting  all  mineral  inflammable  fub* 
fiances,  found  in  the  folid  or  fluid  ftate,  not  coming  under  the  denomination  of 
earths,  falts,  acidifiable  bafes,  or  metallic  ores.  Kirwan,  to  whofe  arrangement 
we  (hall  principally  adhere  in  the  prefent  article,  obferves  that  the  folid  bitumens 
never  exceed  2,5  in  fpecific  gravity.  In  the  following  ftiort  enumeration,  we  (hall 
include  inflammable  air,  hepatic  air,  fulphur,  phofphorus,  and  plumbago ; by 
which  means  it  will  exhibit  a tolerably  complete  feries  of  mineral  inflammables. 
The  articles  themfelves  may  be  confulted  for  a fuller  account  of  their  refpe&ivc 
properties.  The  inflammable  fubftances  found  in  the  mineral  kingdom  are — 
i.  Inflammable  air,  called  Fire  Damp  in  the  mines.  2.  Hepatic  air,  which 
abounds  in  many  hot-baths,  in  mines,  and  in  the  neighbourhood  of  volcanos. 
3.  Naphtha  ; a fine  white,  thin,  fragrant,  colourlefs  oil,  which  iflues  out  of  white, 
yellow,  or  black  clays  in  Perfia  and  Media.  This  is  highly  inflammable,  and  is 
decompofed  by  diftillation.  Itdifi'olves  refins,  and  the  elfential  oils  of  thyme  and 
lavender  ; but  is  not  itfelf  foluble  either  in  fpirit  of  wine  or  ether.  It  is  the  lighted 
of  all  the  denfe  fluids,  its  fpecific  gravity  being  0,708.  4.  Petroleum,  which  is 

a yellow,  reddilh,  brown,  greenilh,  or  blackifli  oil,  found  dropping  from  rocks,  or 
ifluing  from  the  earth,  in  the  duchy  of  Modena,  and  in  various  other  parts  of 
Europe  and  Afia.  This  likewife  is  infoluble  in  fpirits  of  wine,  and  feems  to  con- 
fift  of  naphtha,  thickened  by  expofure  to  the  atmofphere.  It  contains  a portion  of 
■the  acid  of  amber.  5.  Barbadoes  tar,  which  is  avifcid,  brown,  or  black  inflam- 
mable fubftance,  infoluble  in  fpirit  of  wine,  and  containing  the  acid  of  amber. 
This  appears  to  be  the  mineral  oil  in  its  third  ftate  of  alteration.  6.  Afphaltum  is 
a fmooth,-hard,  brittle,  inflammable  fubftance,  which  melts  eafily, -and  burns  with- 
out leaving  any  allies,  if  it  be  pure.  It  is  flightly  and  partially  adted  on  by  fpirit 
of  wine  and  ether.  7.  Mineral  tallow,  which  is  a white  fubftance  of  the  confidence 
of  tallow,  and  as  greafy,  although  more  brittle.  It  was  found  in  the  fea  on  the 
coafts  of  Finland,  in  the  year  173b  ; and  is  alfo  met  with  in  fome  rocky  parts  of 
Perfia.  It  is  near  one-fifth  lighter  than  tallow  ; burns  with  a blue  flame,  and  a 
fmell  of  greafe,  leaving  a black  vifcid  matter  behind,  which  is  more  difficultly  con- 

D d 2 fumed. 


B L A 


C 20*4  ] 


B L A 


fumed.  8.  Jet,  which  is  much  harder  than  afphaltum  ; fufceptible  of  a good  po-- 
lilh,  and  glofly  in  its  fradlure.  It  is  highly  eledtrical,  fufible  in  a moderate  heat> 
and  infoluble  in  fpirit  of  wine.  9.  Pit-coal.  Of  this  there  are  many  varieties; 
they  appear  to  conlid  of  petroleum,  confolidated  with  an  earth,  chiefly  of  the  ar- 
gillaceous kind.  10.  Peat  is  a black  inflammable  earth,  which  is  of  a vifcid  con- 
fidence when  frefl-j,  but  hardens  by  expofure  to  the  air.  11.  Turf  confifts  of 
mould  interwoven  with  roots  of  vegetables.  12.  Amber  is  infoluble  in  water,  and 
in  fpirit  of  wine ; and  no  other  acid  but  the  vitriolic  diffolves  it.  By  didillation,  it 
affords  a fmall  portion  of  water,  an  oil  of  the  nature  of  petroleum,  and  a peculiar 
acid.  i 3.  Sulphur  is  very  abundant  in  the  mineral  kingdom.  14.  Phofphorus  has 
nothitherto  beenfouhdin  the  mineral  kingdom,  except  in  combination  withlome, 
and  fome  of  the  metals.  15.  Plumbago,  or  black-lead. 

When  we  attend  to  the  inflammable  fubdances  found  in  the  earth,  or  in  the  mi- 
neral kingdom,  we  may  perceive  that  very  few,  and  mold  probably  none  of  them, 
can  be  truly  laid  to  belong  to  it,  but  have  been  elaborated  in  the  bodies 
of  animals  or  vegetables.  From  the  turf  that  is  pared  from  the  furface  of  the 
earth,  and  owes  its  inflammability  to  the  roots  of  vegetables  which  are  mixed  with 
it,  we  may  defcend  to  the  peat,  or  black  earth  of  the  moors  ; in  many  fpecimens 
of  which,  vegetable  remains  are- dill  perceptible  ; although  in  mod  they  appear 
to  be  deprived  of  every  appearance  of  their  organic  texture,  their  oily  and  inflam- 
mable nature  only  remaining  : and  from  thence  the  tranfition  to  pit- coal  is  eafyv 
For  if  we  refledt  on  the  vad  revolutions  which  the  earth  has  certainly  undergone 
through  a long  courfe  of  ages,  by  means  of  which  its  furface  has  been  broken,  dis- 
placed, and  inverted,  from  the  adlions  of  floods,  earthquakes,  and  the  great  con- 
vulfions  of  nature,  caufed  by  volcanic  eruptions,  it  will  be  no  improbable  infe- 
rence that  the  thin  although  extenfive  Arata  of  pit-coal,  as  well  as  the  exfuda- 
tions  of  naphtha,  petroleum,  and  their  modifications,  have  all  arifen  from  the  bu- 
rying of  extenfive  woody  tracts  of  the  furface,  fuch  as  are  common  in  all  unculti- 
vated countries'.  And  this  probability  will  be  reduced  to  a certainty,  when  we 
advert  to  the  natural  hidory  of  pit-coal,  which  is  met  with  in  all  the  various  dates 
of  transformation.  Whole  trees  are  converted  into  pit- coal  in  fuch  quantities  to- 
gether, as  to  exhibit  entire  foreds,  in  which  the  roots,  trunks,  branches,  bark,  and 
even  fpecies,.  are  difcernible.  Coal  pits  and  date  quarries  exhibit  innumerable 
marks  of  impreflions  of  leaves,  and  other  indications  of  their  vegetable  origin  ; 
and  the  analyfis  of  this  combudible  fubdance  tends  ftill  further  to  confirm  this, 
truth.  On  the  other  hand,  if  we  attend  to  fuch  indanees  as  chemical  theory 
might  point  out  from  the  fadfs  around  us,  we  fhall  fee  how  fmall  the  probability 
is,  that  the  mineral  kingdom  fhould,  after  a certain  limited  time,  contain  inflam- 
mable bodies,  if  they  were  not  occafionally  thrown  into  it  in  confequence  of  the 
operations  carried  on  within  organized  fubdances.  For  all  inflammable  fubdances 
tending  to  decompofe  the  vital  air  of  the  atmofphere,  would,  in  procefs  of  time, 
revert  to  the  clafs  of  uninflammable  bodies,  if  the  operation  of  the  organized  bo- 
dies, particularly  of  the  vegetable  kind,  did  not  tend  to  difengage  the  vital  air 
again,  and  render  bodies  combudible  which  were  not  fo  when  they  became  parts 
of  thofe  fubdances. 

BLACKNESS.  Lewis,  in  his  Philofophical  Commerce  of  Arts,  has  given  a 
hidory  of  the  means  of  producing  black  colours.  Since  blacknefs,  in  general,  is 
the  confequence  of  a defedt  of  light,  any  circumdance  which  prevents  the  reflec- 
tion of  mod  of  the  luminous  rays  which  fall  upon  bodies,  will  caufe  fuch  bodies  to 
exhibit  what  is  commonly  called  a Black  Colour.  Opticians  have  fliew-n  that  this 
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efletft  may  arife  either  from  the  exquifite  polifh  of  bodies,  which  caufes  all  the 
light  to  be  refle&ed  in  one  direction ; or  from  the  fmallnefs  of  the  primary  par- 
ticles, which  tranfmit  the  light  to  the  internal  part  of  the  body,  inftead  of  refle&ing 
it.  In  this  way,  we  find  that  all  metallic  fubftances,  and  likewife  feveral  other 
bodies,  may  be  rendered  black  by  mere  mechanical  trituration ; and  it  is  on  account 
of  the  fmallnefs  of  the  particles  that  black  pigments  are  capable  of  completely  co- 
vering and  deftroying  the  efifedt  of  other  colours-.  The  fubftances  defcribed  by 
Lewis,  are — i.  The  black  chalk  of  the  (hops,  which  feems  to  confift  of  an  ar- 
gillaceous earth,  impregnated  with  bituminous  matter,  reduced  to  the  ftate  of 
coal.  2.  Pit-coal,  which  affords  a brown  black,  and  is  not  eafily  ground  to  a fuf- 
ficient  finenefs.  3.  The  black  ferruginous  fands,  which  are  of  little  ufe  as  pig- 
ments. 4.  Plumbago,  or  black  lead,  ufed  for  pencils.  5.  Black  vegetablejuices  ; 
of  which  he  enumerates  the  anacardium,  or  marking  nut,  from  the  Eaft  Indies, 
the  juice  of  which  ftains  linen  or  cotton  of  a reddifh  brown  colour,  that  foon 
changes  to  a black,  not  to  be  difcharged  by  alkalis;  the  Cafhea  nut,  which  affords 
a brownifh  durable  ftain  ; and  various  fpecies  of  the  toxicodendron,  or  poifon 
tree,  from  North  America,  which  produces  a deep  black  permanent  ftain.  6.  Tne 
cuttle  fifh  ink,  or  black  fluid  contained  in  a peculiar  veflel  of  that' animal ; but 
whether  this  ink  was  of  confiderable  value  for  its  permanency,  he  had  no  opportu- 
nity of  afcertaining. 

Among  die  blacks  produced  by  fire,  the  Dotftor  found  that  the  coals  of  wood, 
and- of  animal  fubftances,  poflefs  various  properties,  according  to  their  nature,  or 
original  texture,  when  ufed  as  crayons  or  as  pigments.  The  foot  blacks  are  in 
general  much  fofter,  and  more  eafily  unite  with  oils.  Several  of  the  metals,  fuch 
as  manganefe,  cobalt,  and  iron,  are  of  a black  colour  in  certain  ftates  of  calcina- 
tion. - On  the  fubjedt  of  blacknefs,  See  Ink,  Varnish,  and  Dying. 

BLACK  JACK.  The  miners  diftinguifh  blende,  or  mock  lead,,  by- this  name* 
It  is  an  ore  of  zinc,  containing  that  metal  in  combination,  with  ironand  fulphur, 
and  occafionally  other  ingredients. 

BLACK  LEAD,  Plumbago. 

BLACK  WADD.  One  of  the  moft  remarkable  ores  of  manganefe.  It  is  of  a 
dark  brown  colour,  partly  in  powder,  and  partly  indurated  and  britde.  If  half  a 
pound  of  it  be  dried  before  a fire,  and  afterwards  fuffered  to  cool  for  about  an  hour, 
and  then  two  ounces  of  linfeed  oil  be  gradually  poured  on  it,  mixing  the  whole 
loofely,  like  barm  with  flour,  little  clots  will  be  formed  and,  in  fomething  more 
than  half  an  hour,  the  whole  will  grow  hot,  and  at  laft  burft  into  a flame.  The  tem- 
perature of  the  room,  where  this  experiment  was  repeated,  was  about  30  degrees-of 
Fahrenheit ; and  the  heat  this  ore  was  expofed  to,  while  drying,  might  be  about 
130  degrees. 

According  to  Wedgwood’s  analyfis,  10.0  parts  of  black  wadd  contain  43  of  man- 
ganefe, as  much  of  iron,  4,5  of  lead,  and  near  5 of  micaceous  earth. 

BLEACHING  is  the  art  of  rendering  the  various  kinds  of  thread,  cloths,  See. 
white,  by  depriving  them  of  the  colour  they  ufually  poflefs  in  their  original  ftate.. 
I n this  article  I ftiall  firft  deferibe  the  ufual,  or  old  procefles.  % and  then  proceed  ta 
the  improvements  which  modern  chemiftry  has  made  in  the  art. 

The  method  of  bleaching  filk. — The  filk,  being  ftill  raw,  is  put  into  a bag  of  thin 
linen,  and  thrown  into  a veflel  of  boiling  river  water,  in  which  has  been  diflolved 
good  Genoa  or  Toulon  foap. 


* From  Pofllethwaite, . 
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After  the  filk  has  boiled  two  or  three  hours  in  that  water,  the  bag  being  fre- 
quently turned,  it  is  taken  out  to  beat,  and  is  then  wafhed  in  cold  water.  When 
it  has  been  thus  thoroughly  walhed  and  beaten,  they  wring  it  flightly,  and  put  it 
for  the  fecond  time  into  the  boiling  veil'd,  filled  with  cold  water,  mixed  with  foap 
and  a little  indigo  ; which  gives  it  that  blueiih  caft  commonly  obferved  in  white 
filk. 

When  the  filk  is  taken  out  of  this  fecond  water,  they  wring  it  hard  with  a 
wooden  peg,  to  prefs  out  all  the  water  and  foap  ; after  which  they  fhake  it  to  un- 
twift  it,  and  feparate  the’ threads.  Then  they  fufpend  it  in  a kind  of  ilove,  con- 
ftrudled  for  that  purpofe,  where  they  burn  fulphur ; the  vapour  of  which  gives  the 
daft  degree  of  whitenefs  to  the  filk. 

1 The  method  of  bleaching  woollen  fluffs. — There  are  three  ways  of  doing  this.  The 
firft  is  with  water  and  foap  ; the  fecond  with  the  vapour  of  fulphur ; and  the  third 
with  chalk,  indigo,  and  the  vapour  of  fulphur. 

Bleaching  with  foap  and  water . — After  the  fluffs  are  taken  out  of  the  fullers  mill, 
they  are  put  into  foap  and  water,  a little  warm,  in  which  they  are  again  worked  by 
the  ftrength  of  the  arms  over  a wooden  bench  : this  finifhes ; giving  them  the 
whitening  which  the  fullers  mill  had  only  begun.  When  they  have  been  fuf- 
ficiently  worked  with  the  hands,  they  are  wafhed  in  clear  water,  and  put  to  dry. 

This  method  of  bleaching  woollen  fluffs,  is  called  the  Natural  Method. 

Bleaching  with  fulphur. — They  begin  with  wafhing  and  cleaning  the  fluffs  tho- 
roughly in  river  water  ; then  they  put  them  to  dry  upon  poles  or  perches.  When 
■they  are  half  dry,  they  flretch  them  out  in  a very  clofe  flove,  in  which  they  burn 
fulphur;  the  vapour  of  which,  diffufing  itfelf,  adheres  by  degrees  to  the  whole 
fluff,  and  gives  it  a fine  whitening  ; this  is  commonly  called  Bleaching  by  the 
Flower,  or  Bleaching  of  Paris,  becaufe  they  ufe  this  method  in  that  city  more  than 
Uny  where  elfe. 

Bleaching  with  chalk,  indigo , and  fulphur . — When  the  fluffs  have  been  well 
wafhed  in  clear  water,  they  throw  them  into  a bucket  of  cold  water,  containing 
chalk  and  a little  indigo,  wherein  the  fluffs  are  well  flirred  and  agitated  : then  they 
take  them  out,  and  wafli  them  again  in  clear  water ; after  which  they  hang  them 
on  poles  : when  they  are  half  dry,  they  put  them  into  a flove  to  receive  the  va- 
pour of  fulphur,  which  finifhes  their  perfedt  whitening. 

This  bleaching,  which  is  not  the  befl,  though  very  agreeable  to  the  eye,  is  called 
Bleaching  of  Beauvais  ; becaufe  the  inhabitants  of  that  city  were  the  fit  ft  who 
pradlifed  this  method  of  bleaching  woollen  fluffs. 

It  muft  be  obferved  that,  when  woollen  fluffs  have  once  imbibed  the  vapour  of 
fulphur,  it  is  a difficult  matter  to  make  them  take  a good  colour  in  dying,  unlefs  it 
be  a black  or  blue. 

The  manner  of  bleaching  fine  linen  cloths , with  the  method  of  preparing  them , as 
p ratified  in  Picardy , and  particularly  near  St.  fifuintin. — After  the  linens  are  taken 
from  the  loom,  they  are  put  to  foak  in  clear  water  for  a whole  day  : when  they 
have  been  well  wafhed  and  cleaned,  they  are  taken  out,  and  thrown  into  a buck- 
ing tub  filled  with  cold  lye,  made  of  wood  afhes  and  water,  which  has  been  ufed 
in  former  proceffes. 

When  they  are  taken  out  of  that  lye,  they  are  wafhed  again  in  clear  water,  and 
fpread  in  a meadow,  where  they  are  occafionally  watered  with  clear  water  out  of 
fmall  canals,  made  for  that  purpofe  in  the  grounds.  They  water  them  with  fcoops, 
or  hollow  and  narrow  wooden  peels,  with  a long  handle. 

After  lying  a eeruifl  time  on  the  ground,  they  pafs  them  through  a frefli  lye, 
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poured  on  hot:  this  lye  is  of  different  ftrength,  according  to  the  quality  of  the 
linens. 

Being  taken  out  of  this  fecond  lye,  they  are  vvafhed  in  clear  water,  and  laid 
again  in  the  meadow;  all  which  feveral  operations  are  repeated  until  the  linen; 
has  acquired  the  defired  degree  of  whitenefs. 

They  are  afterwards  put  into  a weak  lye,  to  reftore  the  foftnefs  which  the  pre- 
ceding ftrong  lyes  had'  deprived  them  of ; and  afterwards  they  wath  them  in  clear 
water. 

They  next  rub  them  with  black  foap,  which  finifhes  whitening  the  felvages,. 
which  would  never  become  perfectly  white  without  the  help  of  foap. 

Then  they  walh  them  well,  to  take  off  all  the  foap,  and  put  them  to  foak  in 
four  cows  milk,  the  cream  being  firft  taken  off.  This  perfects  their  bleaching, 
gives  them  all  their  foftnefs,  and  makes  them  call  a little  nap.  Being  taken  out  of 
the  milk,  they  are  wafhed  again  in  clear  water,  for  the  lad  time.  When  they  have 
undergone  all  thefe  operations,  they  give  them  the  fir  ft  blue  ; that  is  to  fay,  they- 
dip  them  into  water  in  which  a little  ftarch  has  been  dilfolved,  together  with  fmalt,, 
or  Dutch  lapis,  of  which  the  fatteft  and  paleft  is  the  beft,  for  the  linens  muft  not- 
have  too  blue  a caft. 

The  linens  being  thus  bleached,  after  the  manner  we  have  related,  the  bleach- 
ers or  whiteners  deliver  them  into  the  hands  of  the  merchants  to  whom  they  be- 
long, who  caufe  them  to  be  properly  made  up.. 

Thefe  preparations  differ  according  to  the  qualities  of  the  linens:  for  there  are- 
feme  which  ought  to'preferveall  their  ftrength;  and  others  whofe  ftrength  muft  be 
diminished,  in  order  to  render  them  clearer. 

Lawns  or  cambrics  are  prepared  with  ftarch  and  pale  blue,  or  fmalt  diluted  with; 
clear  water.  They  add  fome  other  drugs,  the  quantity  and  quality  of  which  de- 
pend on  the  workmen’s  knowledge  and  capacity. 

Being  thus  prepared,  they  are  fattened  with  ropes  to  poles  fixed  in  the  ground 
at  fome  diftance  from  each  other.  When  they  are  three  quarters  or  half  dry,, 
they  take  them  from  the  poles,  and  beat  them  on  marble  blocks,  with  very  fmooth 
wooden  mallets,  which  is  done  to  beat  down  the  grain,  and  give  them  a more 
beautiful  appearance. 

After  this,  they  fold  them  into  Email  fquares,  and  prefs  them.  When  they  come 
out  of  the  prefs,  the  dealers  in  France  put  their  numbers  upon  them,  which  are 
written  or  ftamped  upon  frrvall  pieces  of  parchment,  and  tied  to  the  felvage  of  the 
piece  vvithfilk  of  different  colours,  according  to  the  merchant’s  fancy,  who  calls  that 
filk  his  livery ; each  merchant  having  his  particular  colour,,  whiefi*.  he  never 
changes.. 

After  this,  they  wrap-  up  the  pieces  very  neatly  in  brown  paper  of  Rouen,  welh 
beat,  tied  with  fmall  packthread,  which- they  commonly  get  from  Holland.  The 
linens  are  then  in  a proper  condition  to  be  fold,  packed  up,  and  fent  to  the  places- 
where  they  are  difpofed  of. 

All  the  clear  linens  of  Picardy,  fuch  as  plain,  ftriped,  or  fpotted  lawns,  are  pre- 
pared after  the  fame  manner  as  thofe  before  mentioned;  except  that  thefe  are  beaten, 
but  thofe  of  Picardy  are  not. 

It  muft  be  obferved  that,  the  fairer  the  weather  is,,  the  eafier  are  the  linens 
bleached.  In  fair  weather  they  may  be  bleached  in  a month’s  time;  but,  in  foul- 
weather,  fix  weeks,  or  more,  are  hardly  fufficient  to  complete  the  operation. 

It  muft  alio  be  obferved,  that  all  the  linens,  of  whatloever  kind  they  be,. which 
are  bleached  in  Holland,  Flanders,  and  Picardy,  are  dipped  in  cows  milk 
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ater  the  cream  is  taken  off;  it  being  certain  that  it  is  this  liquor  which  gives  them 
that  delicate  whicenefs  fo  much  admired  in  the  linens  which  come  from  thofie  dif- 
ferent countries. 

It  is  cuftomary  with  the  merchants  who  fend  their  linens  to  the  bleaching 
grounds  of  Flanders  and  Picardy,  to  mark  them  at  each  end  with  one  or  more  let- 
ters of  their  names  (which  marks  are  male  with  thread  of  Epinay,  worked  with 
the  needle);  andtofaften  atthe  places  where  thefe  marks  are  put,  fome  fmall  twifts, 
made  aifo  of  the  fame  thread  of  Epinay;  which  twifts  have  a certain  number  of 
knots,  at  fome  diftance  from  each  other;  each  knot  having  its  particular  value,  ac- 
cording as  every  merchant  thinks  proper.  The  marks  are  put,  in  order  to  know 
to  whom  each  piece  belongs;  and  the  twills,  to  remember  the  prices. 

Ti he  method  of  bleaching  common  linens , as  it  is  prablifed  in  Anjou. — Immediately 
after  the  pieces  are  taken  from  the  loom,  they  are  carried  to  the  whitfter,  or 
bleacher,  who  puts  them  diredtly  into  wooden  troughs,  full  of  cold  clear  water; 
where  with  wooden  mallets,  which  are  moved  by  a water  mill,  they  are 
fo  well  agitated  and  beaten,  that  they  are  infenfibly  cleared  from  all  their  impu- 
rities. 

Being  taken  out  of  the  mill,  they  are  fpread  on  a meadow,  where  the  dew  which 
they  receive  during  a week  begins  to  bleach  them. 

Then  they  are  put  into  a kind  of  wooden  tubs,  when  they  throw  over  them  a 
common  lye,  quite  hot. 

The  linens  having  thus  gone  through  the  lye,  they  take  them  out  of  tire  tub,  to 
clean  them  again  in  the  mill ; then  they  fpread  them  a fecond  time  in  the  meadow, 
where  they  leave  them  a week,  after  which  they  give  them  a fecond  lye  : all  thefe 
feveral  operations  are  repeated  until  the  linens  have  acquired  a perfedt  degree  of 
whitenefs.  Then  they  fold  them  up,  after  a manner  proper  to  each  fort,  and  to  the 
places  for  which  they  are  defigned. 

I do  not  find  that  any  very  confiderable  improvement  in  the  whitening  of  filk 
and  woollens  has  been  lately  made,  excepting  that  it  is  afferted  that  filk  may  be 
cleared  of  its  impurities  to  better  advantage  by  the  mild  alkali  of  foda  than  by  foap- 
lees,  or  foap  ; the  former  of  which  is  apt  to  injure  its  texture,  and  the  latter  is  ex- 
penlive.  It  is  even  faid  that  mere  water  will  accomplifh  the  fame,  efpecially  if  its 
vapour  be  confined,  when  heated  in  a vefiel,  upon  the  principle  of  Papin’s  Di- 
gefter.  In  all  probability,  however,  a procefs  of  this  nature  muft  require  peculiar 
management ; becaufe  the  water  thus  confined  would  doubtlefs  be  as  adtive  in  dif- 
folving  the  filk  itfelf,  as  cauftic  alkali  might  be.  The  remedy  or  precaution  will 
confift  in  fuffering  the  fleam  to  efcape  through  an  aperture,  covered  by  a valve, 
loaded  with  no  greater  weight  than  experiment  fhall  fliew  to  be  fufficient  for  the  in- 
tended purpofe. 

The  dephlogifticated  or  aerated  marine  acid,  firft  difcovered  by  Scheele,  has 
fince  been  applied  to  the  art  of  bleaching  linens  and  cottons.  Several  chemifts  of 
the  firft  eminence  have  attended  to  the  properties  of  this  fubftance.  Mr.  Berthol- 
let  has  given  a defcription  of  this  method  of  bleaching  in  the  fecond  volume  of  the 
Annals  of  Chemitlry,  of  which  I fhall  proceed  to  give  an  abridgment. 

After  mentioning  the  experiments  of  Scheele,  in  a general  way,  he  proceeds  to 
relate  his  own  experiments  and  obferva'tions.  The  firft  objedt  which  this  philofo* 
phcr  propofed,  was  to  examine  the  folubility  in  water  of  the  oxigenated  muriatic 
acid  gas,  as  he  calls  it,  according  to  the  New  Nomenclature;  becaufe  he  naturally 
imagined  that,  if  he  could  obtain  a folution  fomewhat  concentrated,  it  would  be 
much  eafier  to  make  experiments  with  this  liquor,  than  with  the  fame  fubftance  in 
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the  gafeous  form.  He  foon  perceived  that  the  gas  was  diffolved  in  water  more 
readily,  and  in  a much  larger  quantity,  than  the  carbonic  a,cid  gas,  or  fixed  air;  and 
that  the  water,  upon  faturation  with  it,  acquired  a very  lively  fmell,  a yellowilh 
colour,  and  peculiar  characters.  Thefe  firft  experiments  were  made  by  agitating 
the  water  in  contaCt  with  this  gas,  in  the  fame  manner  as  that  fluid  is  ufually  im- 
pregnated with  the  carbonic  acid  gas  ; but  the  fuffocating  vapour  which  was  emit- 
ted, led  him  to  fubftitute  the  apparatus  of  Mr.  Woulfe  inftead  of  that  he  had  be- 
fore ufed.  Between  the  retort,  and  the  bottles  filled  with  water  for  the  purpofe 
of  impregnation  with  this  gas,  he  placed  a fmall  bottle  furrounded  with  ice,  to  re- 
tain the  muriatic  vapour  which  was  not  oxigenated.  The  bottles  filled  with  water 
were  likewife  furrounded  with  ice.  He  obferved,  in  this  operation,  that  when 
the  water  became  faturated  with  the  gas,  the  gas  itfelf  affumed  a concrete  form,  and 
was  flowly  precipitated  to  the  bottom. 

If  a body  with  a recurved  tube,  fig.  15.  C.  be  filled  with  this  water,  impregnated 
with  the  dephlogifticated  or  oxigenated  muriatic  acid,  and  the  outer  extremity  of 
the  tube  be  immerfed  under  a receiver  filled  with  water ; if,  in.this  fituation,  the 
fluid  be  expofed  to  the  light  of  the  fun,  bubbles  are  foon  difengaged,  which  pafs 
into  the  receiver,  and  are  found  to  confiftof  pure  or'vital  air.  When  the  bubbles  . 
have  ceafed  to  be  difengaged,  the  liquor  is  found  to  have  loft  its  charaCteriftic  fmell, 
colour,  and  all  its  diftinCtive  properties ; and  is  found  .to  confift  of  mere  water, 
containing  a proportion  of  common  muriatic  acid.  This  Ample  experiment,  Mr. 
Berthollet  obferves,  ought  to  be  fufficient  to  afford  a conviction,  that  the  oxigenated 
muriatic  acid  is  really  nothing  but  a combination  of  the  muriatic  acid  with  bafis 
of  vital  air,  or  oxigene,  which  is  found  fo  abundantly  in  the  black  oxide  or  calx  of 
manganefe,'that  nothing  more  is  neceflary  than  to  urge  this  oxide  by  a ftrongheat, 
in  order  to  obtain  a large  quantity.  Manganefe,  thus  treated,  is  no  longer  proper 
to  form  the  oxigenated  muriatic  acid ; becaufe  it  is  deprived  of  that  portion  of  oxi- 
gene which  is  required  to  combine  with  part  of  the  muriatic  acid. 

He  remarks,  that  light  poflefles  the  property  of  difengaging  the  oxigene  which 
was  combined  with  the  muriatic  acid,  byreftoring  that  elafticity  of- which  it  was 
partly  deprived ; a reftoration  not  to  be  effected  by  mere  heat : he  concludes  there- 
fore that  the  light  combines  with  the  oxigene,  and  that  the  elaftic  ftate  of  vital  air 
is  owihg  to  this  combination;  which  air,  bylofing  a fecond  time  its  elafticity  in 
the  procefs  of  combuftion,  that  is  to  fay,  by  a rapid  combination  with  fome  other 
body,  again  fuffers  the  principle  of  light  to  efcape,  at  the  fame  time  that  much 
heat  is  difengaged  ; the  relation  of  which  laft  fubftance  with  light  is  ftill  an  objeCt 
for  future  difcovery. 

If  vegetable  colours  be  plunged  in  the  oxigenated  muriatic  acid,  they  difappear 
more  or  lefs  fpeedily,  and  more  or  lefs  perfectly.  When  the  fubftance  under  exa- 
mination poflefles  a mixture  of  different  colouring  parts,  fome  difappear  more  rea- 
dily, and  leave  only  thofe  which  more  effectually  refift  the  power  of  this  agent,  but 
have  neverthelefs  fuffered  a confiderable  alteration.  The  yellow  colouring  mat- 
ters ufually  relift  the  moft  ftrongly,  but  at  length  they  all  difappear  ; and  when  the 
oxigenated  muriatic  acid  has  exerted  its  whole  aCtion,  it  is  found  to  be  reduced  to 
the  ftate  of  ordinary  muriatic  acid.  Hence  it  follows,  that  the  colouring  matters  have 
deprived  it  of  the  oxigene,  or  vital  air;  and  have,  by  this  combination,  acquired  new 
properties,  at  the  fame  time  that  they  have  loft  that  of  producing  colours.  This 
ingenious  chemift  declines  entering,  in  his  prefent  memoir,  into  the  properties  of 
thefe  oxigenated  fubftances;  and  proceeds  toobferve,  that  the  oxigenated  muriatic 
acid  owes  its  property  of  deftroying  colours  to  the  oxigene,  which  not  only  is  com- 
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bined  abundantly  with  it,  but  likewife  adheres  with  very  little  force ; and  readily 
paffes  into  a ftate  of  combination  with  fuch  fubftances  as  have  a certain  degree  of 
affinity  with  it.  The  habitudes  of  fuch  a variety  of  colouring  matters  as  exift  in 
nature,  with  the  oxigene,  with  light,  with  alkalis,  and  with  other  chemical  agents, 
cannot  but  form  an  highly  interefting,  and  almoft  entirely  unexplored,  part  of  na- 
tural philofophy. 

After  having  obfer ved  the  action  which  the  oxigenated  muriatic  acid  exercifes 
in  general  upon  colouring  matter,  he  concluded  that  it  might  produce  the  fame 
effedt  upon  thofe  fubftances  which  colour  thread  and  linen,  and  which  the  art  of 
bleaching  propofes  to  deftroy.  Without  confining  himfelf  to  defcribe  the  procefs 
as  now  practifed,  he  enters  into  a concife  detail  of  theimperfedb  eflays  he  made  at 
firft;  a detail  which  will  be  by  no  means  without  its  utility  to  fuch  as  are  defirous 
of  carrying  the  procefs  into  execution. 

He  at  firft  ufed  a very  concentrated  liquor,  which  he  renewed  when  exhaufted, 
until  the  thread  or  cloth  appeared  fufficiently  white : but,  in  this  way,  he  foon 
perceived  that  their  texture  was  confiderably  weakened,  and  that  they  were  even 
entirely  deprived  of  their  folidity.  He  therefore  flightly  diluted  the  liquor,  and  fuc- 
ceeded  in  bleaching  his  cloth,  without  altering  it ; but  it  foon  became  yellow  by 
keeping,  and  more  efpecially  when  it  was  heated,  or  fubje&ed  to  the  adion  of  an 
alkaline  lixivium.  He  direded  his  refledions,  therefore,  to  the  circumftances  of 
the  ufual  procefs  of  bleaching,  which  he  endeavoured  to  imitate  ; becaufe  he  had 
adopted  the  opinion,  that  the  oxigenated  muriatic  acid  ought  to  ad  in  the  fame 
manner  as  the  expofure  of  cloth  upon  bleach-grounds  ; which  expofure  alone  is 
not  fufficient  for  the  purpofe,  but  appears  merely  to  difpofe  the  colouring  matter 
to  folution  in  the  alkali  of  lixiviums.  He  examined  the  dew  which  is  precipitated 
from  the  atmofphere,  and  likewife  that  which  is  afforded  by  the  nodurnal  tranfpi- 
ration  'of  plants ; and  obferved  that  both  the  one  and  the  other  were  faturated 
with  oxigene  to  fuch  a degree,  as  to  deftroy  the  colour  of  paper  weakly  tinged  with, 
turnfole  ; and  he  remarks  that  the  ancient  prejudices  refpeding.  May  dew,  which 
is  the  feafon  wherein  the  tranfpiration  of  plants  is  abundant,  might  probably  de- 
pend on  fome  obfervation  of  this  nature. 

He  therefore  employed,  alternately,  the  lixiviums,  and  the  adion  of  the  oxi- 
genated muriatic  acid  ; by  which  means  he  obtained  a permanent  white.  And  as  it 
is  the  pradice,  in  the  ordinary  way  of  bleaching,  to  pafs  the  cloth  through  four 
milk,  or  vitriolic  acid  diluted  with  a large  quantity  of  water,  he  made  the  trial 
likewife  of  pafling  his  cloths  through  a very  diluted  folution  of  vitriolic  acid,  and 
obferved  that  the  white  was  much  brighter. 

As  foon  as  he  had  madeufe  of  the  intermediatelixiviums,  he  found  that  it  was  not 
neceflary  to  ufe  a concentrated  liquor,  or  to  leave  the  cloth  long:  in  the  fluid  at 
each  immerfion.  By  this  obfervation  he  avoided  two  inconveniences,  which  might 
have  rendered  the  procefs  impracticable  in  the  large  way ; the  firft  is,  the  fuffo- 
cating  fmell  of  the  fluid,  which  would  be  very  incommodious,  and  even  highly 
dangerous  to  be  refpired  for  a long  time,  and  which  has  difcouraged  feveral  opera- 
tors from  purfuing  their  attempts  in  this  way  ; the  fecond  is,  the  danger  of  weaken- 
ing the  cloth.  At  this  period  of  his  experiments  he  likewife  gave  up  the  idea  of 
mixing  alkali  with  the  oxigenated  muriatic  acid,  as  he  had  before  done  in  moft  of 
his  experiments  *. 

This  was  the  ftate  of  the  experiments  of  this  excellent  chemift,  when  he  repeated 
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them  in  the  prefence  of  the  celebrated  Mr.  Watt.  A fingle  glance,  he  obfervcs,  is 
fufficient  to  a philofopher  whofe  abilities  had  been  fo  long  exercifed  upon  the 
arts.  Mr.  Watt  foon  afterwards  wrote  to  him  from  England,  that  in  his  firft  ope- 
ration he  had  bleached  five  hundred  pieces  of  cloth  on  the  pretniffes  of  Mr.  Gri- 
gor,  who  has  large  bleach-grounds  at  Glafgow,  and  continues  to  ufe  this  new 
procefs. 

In  the  mean  time  Mr.  Bonjour,  who  had  affifled  Mr.  Berthollet  in  his  experi- 
ments, and  who  to  a large  (hare  of  fagacity  has  added  a very  exteniive  know- 
ledge in  chemiftry,  entered  into  an  agreement  with  Mr.  Conftant  of  Valen- 
ciennes to  form  an  eftablifhment  in  that  town.  This  project  was  oppofed  by  the 
prejudices  and  interell  of  the  bleachers,  who  were  apprehenfive  of  the  competi- 
tion of  a new  method.  Mr.  Conftant  could  not  even  procure  a piece  of  ground 
in  the  town  of  Valenciennes  : but  the  Count  de  Belainge  favoured  this  enter- 
prife,  and  gave  up  a piece  of  ground  which  poftefled  every  advantage;  but,  being 
at  a certain  diftancefrom  Valenciennes,  would  have  the  difadvantage  of  diftance, 
if  any  manufa£tory  fhould  be  eftablilhed  at  Valenciennes  itfelf.  Mr.  Bonjour  had 
given  up  the  well-grounded  hopes  which  his  knowledge  and  talents  gave  him 
reafon  to  expect  at  Paris;  and  had  in  return  found,  in  the  .enterprife  to  which  he 
had  devoted  his  attention,  nothing  but  thofe  difgufting  circumftances  which 
ufually  accompany  new  proceffes  in  the  arts.  He  addreffed  himfelf  to  the  Bu- 
reau de  Commerce,  not  to  reward  his  fervices,  but  to  requeft  that  he  might  be 
defended  from  the  difadvantages  and  obftacles  which  prejudice  and  an  oppolition 
of  intereft  had  created  in  Valenciennes,  by  granting  to  him  a certain  fpace  of 
two  leagues  round  Valenciennes  and  Cambray,  in  which  he  alone  might,  during 
a certain  numberof  years,  exercife  this  new  art;  without  conftraining  in  any  re- 
fpe£t  thofe  who  might  chufe  to  adhere  to  the  ancient  proceffes,  or  attempt  new 
proceffes,  in  which  no  ufe  fhould  be  made  of  the  oxigenated  muriatic  acid.  He 
offered  to  inftrudl  in  his  manufaftory,  in  all  the  details  of  his  procefs,  all 
fuch  as  might  be  defirous  of  ufingit,  and  might  obtain  the  fandtion  of  the  miniftry. 
It  is  probable  that,  if  his  requeft  had  been  granted,  the  eftablifhment  at  Valen- 
ciennes might  have  produced  a greater  degree  of  confidence  in  thofe  who  had  un- 
dertaken to  make  the  neceflary  advances.  It  is  probable,  continues  Mr.  Ber- 
thollet, that  they  might  have  fhortened  their  trials,  inftead  of  eftablifhing  the 
procefs  at  Courtray,  as  they  have  done  ; many  ariifts  might  probably  have  been 
formed  under  the  diredlion  of  Mr.  Bonjour;  and  a great  number  of  eftablifhments 
might  have  been  formed  in  the  French  provinces,  by  avoiding  thofe  fruitlefs 
trials  which  tend  to  throw  diferedit  upon  an  ufeful  art. 

As  foon  as  Mr.  Berthollet  had  reafon  to  hope  that  the  procefs  might  be  exe- 
cuted in  the  large  way,  he  endeavoured  to  diminifhthe  price  of  the  liquor,  by  de- 
compofing  the  marine  fait  in  the  very  operation  which  ferved  to  form  it.  His 
firft  trials  were  unfuccefsful ; but  Mr.  Welter,  a young  and  ingenious  chemift  to 
whom  Mr.  Berthollet  had  entrufted  the  management  of  the  procefs,  obferved 
that  it  might  be  of  advantage  to  dilute  the  vitriolic  acid  ; and  the  operation  then 
fucceeded  in  the  moft  fatisfadtory  manner.  He  immediately  wrote  to  Mr.  Bon- 
jour and  Mr.  Watt,  the  latter  of  whom  informed  him  that  he  had  made  this 
change  from  the  firft  ; and  the  operation  was  long  afterwards  deferibed  by  Mr. 
Chaptal,  in,  a Memoir  forwarded  by  him  to  the  Academy  of  Sciences.  Mr.  Watt 
had  likewife  made  ufe  of  a certain  cafk  or  butt,  of  a conftrudtion  which  Mr.  Ber- 
.thollet  was  not  acquainted  with  ; but,  before  this  apparatus  was  mentioned,  Mr. 
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Welter  had  condrutded  one,  which  is  not  only  very  proper  to  prepare  the  oxi- 
genated  muriatic  acid,  but  very  well  calculated  for  feveral  other  chemical  ope- 
rations. 

The  intention'of  this  apparatus  is  to  multiply  the  furfaces  of  contaft  between  the 
gas  and  the  water,  as  it  is  evident  that  the  combination  can  take  place  only  at 
their  furfaces.  That  part  of  the  gas  which  did  not  enter  into  combination  in  the 
lower  fpace,  where  it  is  fird  conveyed,  paffesinto  a fecond  cavityor  fpace  which  is 
above  the  tube  intended  to  give  it  vent.  The  veffel  which  is  intermediate  between 
the  pneumatic  cafk  and  the  diflillatory  mattrafs,  is  defigned  to  retain  that  part  of 
the  muriatic  acid  which  is  not  oxigenated  : a fmall  quantity  of  water  is  put  into 
this  veffel,  a glafs  tube  being  plunged  therein,  the  height  of  which  exceeds  that  of 
the  column  of  water  the  gas  mud  overcome  in  the  cafk.  The  gas  which  paffes  out 
of  the  mattrafs  compreffes  the  water  in  the  intermediate  veffel  with  a force  equal 
to  that  oppofed  to  its  difengagement ; fo  that  the  water  rifes  in  the  tube  of  fafety, 
and  forms  a column  equal  to  the  weight  of  the  water  which  preffes  on  the  tube 
through  which  the  gas  enters  the  cafk.  But  if,  during  the  operation,  a fudden 
cooling  or  rapid  abforption  of  gas  fhould  take  place,  the  water  defcends  again 
in  the  tube,  the  air  of  the  atmofphere  enters,  and  prevents  a vacuum  from  being 
formed  within,  which  would  have  been  attended  with  a reforption  of  the  liquor, 
and  confequently  break  the  diddling  veffel  by  the  fudden  cooling.  This  tube  of 
fafety,  which  is  likewife  due  to  the  ingenious  Mr.  Welter'*,  is  equally  applicable 
to  other  pneumatic  didillations. 

If  the  oxide  or  calx  of  manganefe  be  of  a good  kind,  in  fmall  crydals,  and  con- 
tain very  little  foreign  matter,  the  proportions  which  Mr.  Berthollet  found  bed 
calculated  for  didi Ration,  are  the  following  : 

Six  ounces  of  pulverized  calx  of  manganefe,  one  pound  of  pulverized  fea  fait, 
twelve  ounces  of  concentrated  vitriolic  acid,  and  from  eight  to  twelve  ounces  of 
water.  If  the  calx  of  manganefe  contain  foreign  earth  or  metallic  fubdances,  the 
quantity  mud  be  augmented  in  proportion  to  its  impurity.  It  will  be  known, 
after  the  operation,  whether  a fufficient  quantity  has  been  employed  ; becaufe  a 
fmall  quantity  ought  to  remain  undecompofed,  and  of  its  original  black  colour  : 
from  this  obfervation,  the  quantity  proper  to  be  ufed  in  the  .following  operations 
may  be  afcertained. 

When  the  calx  of  manganefe  is  found  to  contain  calcareous  fpar,  as  may  be 
known  by  its  effervefcing  upon  the  contact  of  a fmall  quantity  of  vitriolic  acid,  it 
is  proper  to  wafh  it  before  the  operation  with  diluted  vitriolic  acid,  to  feparate  the 
calcareous  part,  which  might  be  troublefome  on  account  of  the  effervefcence  it 
produces : the  calx  mud  be  dried  after  this  wadiing. 

Mr.  Berthollet  is  of  opinion,  from  his  trials,  that  when  the  calx  of  manganefe 
contains  much  phlogidicated  air,  it  is  fcarcely  proper  to  form  the  oxigenated  mu- 
riatic acid  : Mr.  Fourcroy  however  afferts,  that  the  phlogidicated  air  efcapes  in 
didillation  from  manganefe  by  a degree  of  heat  lefs  than  ignition,  but  that  igni- 
tion is  neceffary  to  deprive  it  of  its  vital  air.  It  might  perhaps  be  found  advan- 
tageous to  make  ufeof  this  information  to  purify  fuch  manganefe  as  contains  phlo- 
gidicated air,  by  diddling  off  this  lad  aerial  fubdance  by  a moderate  heat  before 
it  is  applied  to  the  purpofe  of  oxigenating  the  marine  acid. 

A greater  or  lefs  quantity  of  water  mud  be  added,  not  only  according  to  the 

* Likewife  thought  of  by  the  celebrated  Chaptah— See  his  Elements  of  Chemiftry. 

degree 


B L E 


B L E 


[ 2i3  ] 

degree  of  the  concentration  of  the  fulphuric  acid,  but  likewife  according  to  the 
quantity  of  matter  fubje&ed  to  diftillation.  If  this  quantity  be  confiderable,  the 
acid  muft  be  more  diluted  than  if  it  be  fmall.  It  might  be  more  advantageous  to 
make  ufe  of  an  acid  which  had  not  been  concentrated ; becaufe  the  operation  of 
concentrating  it  adds  to  its  price,  and  it  is  obliged  to  be  again  diluted  with  water. 
But  Mr.  Bertholletobferves,  that  this  faving  can  only  take  place  when  the  manu- 
factory of  the  vitriolic  acid  is  near  at  hand  ; for  in  thofe  fituations  where  this 
acid  is  to  be  brought  from  a confiderable  diftance,  the  expence  of  carriage  of  a 
greater  quantity  of  fluid  might  exceed  that  of  concentrating  it. 

When  the  materials  are  prepared,  the  calx  of  manganefe  muft  be  carefully 
mixed  with  the  fea  fait,  and  the  mixture  introduced  into  the  diftillatory  veflel, 
placed  on  a fand  bath  : the  vitriolic  acid  muft  then  be  diluted,  and  fuffered  to 
cool;  after  which  it  is  to  be  poured  on  the  mixture,  and  the  tube  of  communi- 
cation between  the  mattrafs  and  the  intermediate  veflel  quickly  fitted  in.  A par- 
ticular attention  to  the  lutings  is  required*in  this  operation.  Mr.  Chaptal  takes 
notice,  that  when  the  vapour  is  perceived  to  efcape  by  the  fmell,  it  is  fometimes 
difficult  toafcercain  the  imperfeCt  place;  but  that  if  a feather  dipped  in  volatile 
alkali  be  pafled  on  fuch  occafions  over  the  lutes,  it  will  fhew  the  faulty  place,  by 
the  white  cloud  of  ammoniac  formed  in  confequence  of  the  combination  of  ma- 
rine acid  with  the  volatile  alkali. 

The  fize  of  the  veflels  ought  to  be  fuch,  that  the  mattrafs  (hould  be  about  one- 
third  empty;  and  that,  for  the  quantity  here  laid  down,  the  calks  {hould  contain  one 
hundred  pints  of  water,  with  an  empty  fpace  of  the  bulk  of  about  ten  pints;  be- 
caufe, when  the  gas  comes  to  occupy  the  cavities  defigned  to  receive  it,  the  water 
will  require  a fpace  into  which  it  may  afcend. 

Beforethe  operation  is  begun,  the  pneumatic  calk  muft  be  filled. "The  mixture 
being  made,  the  gas,  which  foon  begins  to  be  difengaged,  firft  drives  the  atmo- 
fpheric  air  out  of  the  apparatus.  As  foon  as  it  is  apprehended  that  the  atmofpheric 
air  has  pafled  into  the  cavities,  it  is  emptied  out  by  means  of  a recurved  tube,  fuc- 
ceffively  introduced  beneath  each  ; and  in  order  to  drive  the  water  out  which  has 
entered  into  the  tube,  Mr.  Berthollet  recommends  blowing  ftrongly  into  it.  The 
operation  is  fuffered  to  go  on  without  the  application  of  heat,  until  it  is  perceived 
that  the  bubbles  are  more  flowly  emitted  : at  this  period,  a flight  degree  of  heat  is 
applied.  It  muft  not  be  ftrongly  urged  at  the  beginning  ; but  by  a gradual  in- 
creafe  it  is  at  laft  to  be  carried  to  ebullition,  towards  the  end  of  the  operation.  It 
may  be  known  when  the  operation  is  near  its  termination,  by  the  tube  of  commu- 
nication and  intermediate  veflel  becoming  hot. 

When  the  gas  is  no  longer  difengaged  but  in  fmall  quantities,  the  fire  is  to  be 
put  out,  and  a fufficient  time  muft  be  fuffered  to  elapfe  until  the  mattrafs  is  nearly 
cold.  The  tube  of  communication  may  then  be  removed,  and  hot  water  poured 
in  to  keep  the  matter  in  folution,  that  it  may  be  more  eafily  taken  out:  this  refidue 
is  to  be  poured  into  a lafge  veflel,  intended  to  preferve  it  for  a ufe  to  be  prefently 
mentioned.  The  operation  lafts  longer  in  proportion  to  the  quantity  of  matter. 
With  the  before-mentioned  quantity,  it  ought  to  laft  five  or  fix  hours.  It  is  pro- 
per not  to  be  too  much  in  hafte,  becaufe  a larger  quantity  of  gas  is  by  that  means 
obtained.  One  fingle  perfon  may  infpedt  and  manage  feveral  of  thefe  apparatus, 
and  the  quantities  may  be  much  larger. 

The  intermediate  veflel  gradually  becomes  filled  with  a fluid,  which  confifts  of 
pure  but  weak  muriatic  acid  : feveral  operations  may  however  be  made  without 
taking  it  out ; but  when  it  is  apprehended  that  there  is  not  a fufficient  fpace  left 
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empty,  this  acid  is  taken  out  by  means  of  a fyphon  : and,  when  its  quantity  is 
considerable  enough,  it  may  be  fubftituted  inftead  of  the  mixture  of  fulphuric 
acid  and  muriate  .of  foda,  in  a fimilar  operation,  if  it  be  not.  wanted  for  another 
life.  In  order  that  the  quantity  of  common  muriatic  acid  which  paffes  out  of 
the  mattrafs,  may  be  inconfiderable,  it  us  expedient  that  the  firft  tube  fhould 
make  a right  angle,  cr  even  a more  obtufe  angle,  with  the  body  of  the  mattrafs. 
During  the  operation,  it  is  neceflary  to  {fir  the  water,  from  time  to  time,  by  means 
of  the  agitator,  in  the  apparatus,  to  favour  the  abforption  of  the  gas  by  the  water. 
When  this  is  completed,  the  liquor  is  fufficiently  fcrong  to  be  ufed  in  bleaching. 
A fmaller  proportion  of  water  may  be  put  into  the  calk,  and  the  fluid  may  af- 
terwards be  properly  diluted. 

In  this  date  of  concentration,  though  the  liquor  retain's  a conflderably  ftrong 
fmell,  yet  it  cannot  prove  noxious,  or  even  very  inconvenient,  to  thofe  who  ufe 
it.  It  is  neverthelefs  proper  to  conduct  it  into  the  veflels  in  which  the  cloths  are 
arranged  by  wooden  channels,  fitted  to  the  opening  at  the  lower  part  of  the  cafk. 
It  is  proper  to  draw  off  the  liquor  from  the  cafk  as  foon  as  it  is  prepared,  becaufe 
it  afts  upon  the  wood,  and  not  only  becomes  by  that  means  weaker,  but  likewife 
haftens  the  deftruction  of  the  cafk  : but  when  it  is  conveyed  into  a veil'd  in  which 
cloths  are  properly  placed,  thefe  fpeedily  weaken  it  to  fuch  a degree  that  it  does 
not  perceptibly  ad  upon  the  wood. 

The  cloths  are  to  be  prepared  by  leaving  them  twenty-four  hours  in  water,  or 
ftill  better  in  the  old  lixivium,  to  extrad  the  d refling  ; after  which  they  irruft  be 
once  or  twice  well  wafhed  in  alkaline  lixiviums,  becaufe  all  that  part  which  can 
be  extraded  by  the  lixiviums  would  have  neutralized  a portion  of  the  liquor, 
which  requires  to  be  carefully  ufed.  After  this  the  cloth  muff  be  carefully 
wafhed,  and  difpofed  upon  flicks  in  fuch  a manner  that  it  may  be  impregnated 
with  the  liquor  poured  on  it,  without  any  part  being  comprefl'ed.  The  framing  of 
the  flicks,  as  well  as  the  cafk  and  veflel  intended  to  contain  the  cloths,  ought  to 
be  conftruded  without  iron  ; becaufe  this  metal  becomes  calcined  by  the  oxige- 
nated  muriatic  acid,  and  would  produce  iron-moulds,  not  to  be  taken  out  but  by 
means  of  fait  of  forrel. 

The  firft  immerfion  muft  be  longer  than  the  following  ones;  it  may  laft  three 
hours : after  which,  the  cloth  is  to  be  taken  out,  lixiviated  anew,  and  then  put  into  a 
(hallow  veflel,  in  order  that  new  liquor  may  be  poured  on  it.  It  is  fufflcient  that  this 
immerfion,  and  the  following,  fhould  continue  for  the  fpace  of  half  an  hour.  The 
cloth  is  taken  out,  and  cleared  of  the  liquor  by  preflure  ; then  lixiviated,  and  fub- 
jedted  to  new  immerfions.  The  fame  liquor  may  be  ufed  until  it  is  exhaufted; 
and  when  it  is  found  to  be  much  weakened,  a proportion  of  the  liquor  which  has 
not  been  ufed  may  be  added. 

When  the  cloth  appears  white,  excepting  at  the  felvidges,  and  a few  threads 
darker  than  the  reft,  it  muff  be  impregnated  with  black  foap,  and  ftrongly  rubbed; 
after  which  it  is  to  be  lixiviated  for  the  laft  time,  and  immerfed  once  more  in  the 
liquor. 

The  number  of  lixiviations  and  immerfions  which  are  neceflary,  cannot  be  de- 
termined, becaufe  it  varies  according  to  the  nature  of  the  cloth  : the  limits  of 
this  number,  however,  are  between  four  and  eight,  for  linen  and  hempen  cloths. 
Mr.  Berthollet  expreffes  his  inability  to  point  out  the  belt  method  of  making  the 
alkaline  lixiviums  ; this  ufeful  art  being  ftill  a matter  of  mere  pra&ice,  and  va- 
rioufty  performed  in  different  places.  It  appeared  advantageous  to  him  to  ren- 
der the  alkali  cauftic,  by  mixing  one  third  of  lime  ; but  in  this  cafe  care  muft  be 
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taken  that  the  lixivium  be  {trained  through  a cloth,  in  order  that  the  calcareous 
earth  may  not  mix  itfelf  with  the  linen,  as  its  particles  might  corrode  or  wear  it 
by  their  hardnefs.  By  this  management  the  lixivium  being  rendered  more  ac- 
tive, does  not  require  To  large  a quantity  of  alkali ; and  neverthelefs,  if  the  quan- 
tity of  alkali  be  not  too  confiderable,  it  produces  no  damage  to  the  cloth,  not- 
withftanding  the  contrary  prejudice,  which  is  very  general.  He  has  likewife  re- 
marked that  it  was  of  no  advantage,  and  even  prejudicial,  that  the  lixiviations 
fhould  be  of  long  duration ; but  it  is  neceflary  that  the  fluid  be  very  hot,  and  of 
confiderable  ftrength,  otherwife  the  cloths  bleached  by  the  aerated  marine  acid 
would  become  coloured  and  ruddy  when  fubmitted  to  new  lixiviations.  This 
accident  took  place  in  the  trials  already  mentioned.  Cottons  are  much  more 
eafily  and  fpeedily  bleached  than  linens  : two  lixiviums,  or  at  mod  three,  with 
the  fame  number  of  immerfions  in  the  liquid,  are  fufiicient ; and  as  they  are  fo 
much  the  more  readily  bleached,  it  is  advantageous,  when  linen,  hemp,  and  cot- 
ton are  to  be  bleached,  to  referve  the  liquors  for  the  latter  which  have  been  al- 
ready weakened  by  exerting  their  adion  on  the  former.  Such  liquors  as  are  fa- 
exhaufted  as  fcarcely  to  ad  upon  hemp  or  linen,  will  do  very  well  for  cotton. 

After  the  laft  immerfion  in  the  liquor,  the  cloth  muft  be  plunged  in  four  milk, 
or  water  acidulated  with  vitriolic  acid.  The  true  proportion  is  not  well  afcer- 
tained  but  our  author  thinks,  from  his  experiments,  that  one  part  of  the  acid  by 
weight,  with  fifty  parts  of  water,  may  be  employed  fuccefsfully,  and  without  dan- 
ger. The  cloths  are  to  be  kept  about  half  an  hour  in  this  fluid,  warmed ; after 
which,  they  mull  be  ftrongly  prefled,  or  wrung,  and  immediately  plunged  in  com- 
mon water:  for,  if  they  were  fuffered  to  dry  by  evaporation,  the  vitriolic  acid,  be- 
coming concentrated,  would  attack  them.  When  the  cloths  are  well  wafhed, 
nothing  more  is  neceflary  than  to  dry  and  prepare  them  in  the  ufual  manner. 

It  is  an  obvious  precaution,  that  this  acid  water  be  not  too  ftrong,.  as  it  would 
of  courfe  injure  the  texture  of  the  fluffs. 

Fig.  1.  PI.  II.  exhibits  the  apparatus  for  preparing  the  liquid  intended  to  be  ufed 
in  this  new  method  of  bleaching.  A B C is  a furnace  ; c is  the  mattrafs,  or  diftilla- 
tory  veffel ; G H I the  tube  of  communication  with  K,  the  intermediate  veffel  ^ 
L the  tube  of  fafety ; M a tube  communicating  with  the  tub  N,  the  fedtion  of 
which  tub  is  exhibited  in  fig.  2,  while  the  lower  orifice  of  this  tube  is  feen  at 
y.  In  the  tub  ^3  are  fixed  three  inverted  veffels,  open  beneath,  as  reprefented  in 
fig.  3,  and  intended  to  contain  the  aeriform  marine  acid.  P P P are  agitators 
for  the  purpofe  of  flirting  the  water  by  the  rotation  of  the  upright  pod  O The 
effedl  of  this  apparatus  may  be  eafily  underflood,  by  confidering  that  the  aeriform 
dephlogiflicated  marine  acid,  ifl'uing  from  the  tube  y,  paffes  into  the  veffel  X,  un- 
til it  has  excluded  the  water  it  may  contain  : after  which  the  furplus  iffues  through, 
the  tube  Z,  and  runs  into  the  fecond  veiled  ; which,  becoming  alfo  filled,  affords 
its  furplus  to  the  third,  or  uppermoft  veffel.  Hence  it  follows,  that  three  furfaces. 
of  the  water  are  expofed  to  an  atmofphere  of  dephlogiflicated  marine  acid;  and 
thefe  furfaces  mufl  of  courfe  be  changed  by  the  rotation  of  the  agitators.  In  this 
manner  the  water  becomes  impregnated,  and  may  be  drawn  off  at  P.  It  is  of  con- 
fequence  to  afcertain  its  relative  ftrength,  in  order  that  the  experiments  may  at  all 
times  be  equally  fuccefsful.  Mr.  de  Croifille  makes  ufe  of  a folution  of  indigo  in 
the  vitriolic  acid  ; for  which  purpofe  he  takes  one  part  of  finely- pulverized  in- 
digo, with  eight  parts  of  concentrated  vitriolic  acid.  This  mixture  is  kept  in  a 
mattrafs  for  feveral  hours  on  the  water  bath  ; and,  when  the  folution  is  complete,, 
it  is  diluted  with  a thoufand  parts  of  water.  In  order  to  afcertain  the  force  of  the. 
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oxigenated  muriatic  acid,  one  meafure  of  this  folution  is  put  into1  a graduated  tube 
of  glafs,  and  the  liquor  or  impregnated  water  is  added,  until  the  colour  of  the  in- 
digo is  completely  deftroyed.  In  this  way  it  is  afcertained,  by  means  of  the  gra- 
duations, how  many  meafures  of  any  liquor,  whofe  goodnefs  has  been  afcertained 
by  direct  experiments  upon  linen  or  cotton,  are  neceffary  to  deftroy  the  colour  of 
one  meafure  of  the  folution  of  indigo  ; and  this  number  will  ferve  to  afcertain  the 
refpe&ive  forc^  of  all  the  liquors  which  are  required  to  be  compared  together. 
Mr.  Watt  mal.  ufe  of  a folution  of  cochineal  for  the  fame  purpofe. 

In  the  fixth  volume  of  the  Annals  of  Chemiftry,  Mr.  Berthollet  has  publifhed 
fome additions  to  the  foregoing  Memoir,  which,  on  account  of  its  extenfive  utility, 
I have  fcarcely  at  all  fhortened.  They  are  the  following  : — Mr.  Welter  finds  that 
it  is  advantageous  to  terminate  the  procefs,  by  expofing  the  thread  or  cloth  for 
three  or  four  days  in  the  field;  during  which  they  muft  be  occafionally  watered, 
and  afterwards  wafhed  with  pure  water.  He  confiders  this  expofition  as  indifpen- 
fable.  But  Mr.  Berthollet  obferves,  that  other  perfons  have  bleached  to  the  perfeft 
latisfaftion  of  artifts  without  it ; though  he  admits  that  it  may  happen,  in  the  large' 
way,  that  certain  pieces  may  not  turn  out  perfedtly  white  after  the  laft  operation, 
in  confequence  of  fome  of  theirparts  having  fuffered  cafual  preffure  ; and  hethinks 
that,  although  a continuance  of  the  operation  would  remove  thefe  imperfections,  it 
might,  in  fuch  cafes,  prove  more  advantageous  to  remove  them  by  expofure  on 
the  grafs  ; very  little  lofs  of  time,  and  no  confiderable  extent  of  premifes,  being 
required  for  this  purpofe. 

Mr.  de  Croifille  has  excluded  the  ufe  of  wood  in  every  part  of  his  apparatus  ; 
and  has  applied  the  procefs  not  only  to  bleaching,  but  to  the  difcharging  of  co- 
lours in  dyed  cottons  or  linens. 

Mr.  Berthollet  further  obferves,  that  the  precaution  of  plunging  the  cottons  in 
pure  water,  after  they  have  been  taken  out  of  the  acidulated  water,  is  not  fuf- 
ficient  ; but  it  is  neceffary  to  plunge  them  into  a weak  cauflic  lixivium,  mode- 
rately heated,  and  keep  them  there  for  a fliort  time. 

When  the  liquor  is  fuffered  to  run  immediately. into  the  troughs,  care  muft  be 
taken  to  mix  it  well  with  the  agitator  ; becaufe  otherwife  the  moft  faturated  li- 
quor,-which  occupies  the  lower  part  of  the  veflel,  running  firft,  would  exert  too 
ftrong  an  aCtion  ; or  if  half  or  three  quarters  of  the  liquor  be  drawn  off, land  mixed 
with  the  proper  quantity  of  water,  according  to  the  precautions  before  eftablifhed, 
the  reft  of  the  fluid  may  be  ufed  together  with  the  water  for  the  fucceeding  ope- 
ration : laftly,  he  obferves  that  this' procefs,  fimple  as  it  is,  can  fcarcely  be  carried 
into  execution,  without,  in  the  firft  inftances,  being  dire&ed  by  a perfon  to  whom 
the  operations  of  chemiftry  are  familiar.  He  obferves  that  a diminution,  or  even 
an  equality  of  the  expences,  relative  to  the  ordinary  procefs,  is  not  to  be  hoped  for, 
excepting  for  the  bleaching  of  fine  cloths,  unlefs  the  operator  poffeffes  a good 
procefs  to  extradl  the  foda  from  the  refidue  of  the  diftillation  ; and  without  this 
condition  the  bleaching  of  coarfer  cloths  ought  not  to  be  undertaken,  excepting 
in  thofe  cafes  wherein  the  advantages  arifing  from  the  fpeed  of  the  operation, 
the  facility  of  performing  it  in  all  places  and  at  all  times,  and  the  diminution  of 
the  ftock  or  capital,  are  fuffieient  to  compenfate  for  the  excefs  of  tbe  price.  Thefe 
obfervations  are  perhaps  applicable  to  linens,  and  not  cottons.  It  is  not  pofiible, 
he  continues  to  obferve,  to  lay  down  principles  applicable  to  every  particular  cafe; 
but  he  advifes  thofe  who  may  undertake  this  objeCt,  to  begin  by  trials,  and  by 
means  of  thofe  trials  to  form  calculations,  without  any  allowance  on  the  favour- 
able fide.  On  the  other  hand,  he  advifes  the  operator  not  to  fuffer  himfelf  to  be 
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impofed  on  by  thofe  lofles  which  arife  for  want  of  being  familiarized  with  the 
operations ; as  there  is  no  great  expence  incurred  by  making  trials  for  a time,  by 
which  this  advantage  is  derived,  that  the  operator  renders  himfelf  more  expert 
ibr  carrying  more  extenlive  proceffes  into  effebt. 

BLENDE.  An  ore  of  zinc,  likewife  known  by  the  name  of  Mock  Lead, 
:Falfe  Galena,  or  Black  Jack,  There  are  feveral  varieties  of  this  ore.  In  general, 
.they  contain  about  half  their  weight  of  zinc,  about  one  fourth  fulphur,  and  the  reft 
iron,  copper,  lead,  and  fome  earth  in  varied  proportions. 

BLOOD.  The  fluid  which  firft  prefents  itfelf  to  obfervation  when  the  parts 
of  living  animals  are  divided  or  deftroyed,  is  the  blood,  which  circulates  with  con- 
fiderable  velocity  through  veffels,  called  Veins  and  Arteries,  diftributed  into 
every  part  of  the  fyftem.  It  can  fcarcely  admit  of  doubt,  that  the  component 
.parts,  or  immediate  principles,  of  the  blood  muft  differ  in  the  various  and  ex- 
ceedingly diflimilar  genera  and  fpecies  of  animals  which  occupy  the  land  and  wa- 
ters of  the  globe ; and  that  there  are  likewife  differences  in  the  ftate  or  compo- 
sition of  this  fluid  in  the  fame  animal  according  to  its  ftate  of  health,  as  well  as  the 
iituation  of  the  veflelsfrom  which  it  may  be  extra&ed.  Thefe  differences  can  be 
afeertained  only  by  the  united  efforts  of  the  anatomift  and  the  chemift.  But  as  the 
difficulty  and  extent  of  the  fubjebt  have  hitherto  prevented  any  confiderable  pro- 
grefs,  it  becomes  an  objedt  of  neceflity  to  confine  our  attention  to  the  blood  of 
man,  or  of  fuch  quadrupeds  as  afford  this  fluid  in  a ftate  not  obvioufly  different 
from  that  of  the  human  fpecies. 

Recent  blood  is  uniformly  fluid,  and  of  a faline  or  flightly  ferruginous  tafte. 
Under  the  microfcope,  it  appears  to  be  compofed  of  a prodigious  number  of  red 
.globules,  fwimming  in  a tranfparent  fluid.  After  {landing  for  a fhort  time,  its 
parts  feparate  into  a thick  red  matter,  or  craffamentum,  and  a fluid  called  Serum, 
.If  it  be  agitated  till  cold,  it  continues  fluid  ; but  a confident  polypous  matter  ad- 
heres to  the  .ftirrer,  which  by  repeated  ablutions  with  water  becomes  white,  and 
has  a fibrous  appearance  : the  craffamentum  becomes  white  and  fibrous  by  the 
dame  treatment.  If  blood  be  received  from  the  vein  in  warm  water,  a fimilar 
filamentous  matter  fubfides,  while  the  other  parts  are  diffolved.  Alkalis  prevent 
'the  blood  from  coagulating  ; acids,  on  the  contrary,  accelerate  that  effebt.  In 
the  latter  cafe,  the  fluid  is  found  to  contain  neutral  falts,  confiding  of  the  acid  it- 
felf, united  with  mineral  alkali,  which  confequently  muft  exift  in  the  blood,  pro- 
bably in  a difengaged  ftate.  Ardent  fpirit  coagulates  blood.  On  the  water 
bath,  blood  affords  an  aqueous  fluid,  neither  acid  nor  alkaline,  but  of  a faint 
Smell,  and  eafily  becoming  putrid.  A ftronger  heat  gradually  dries  it,  and  at  t e 
fame  time  reduces  it  to  a mafs  of  about  one-eighth  of  its  original  weight.  In  this 
Slate  it  flightly  attradlsthe  humidity  of  the  air,  and  effervefees  with  acids ; but  by 
,a  longer  expofure  for  fome  months  it  becomes  covered  with  an  efflorefcence  of 
mild  mineral  alkali.  By  deflrublive  diftillation,  this  animal  fluid  affords  a wa- 
tery liquor,  holding  in  folution  a neutral  fait  with  excefs  of  volatile  alkali,  but 
whofe  acid  part  has  not  been  well  afeertained  : next  follow  a light  oil,  a denfe 
coloured  oil,  and  foul  or  oleaginous  volatile  alkali.  The  refidueis  a coal  of  a very 
.-different  incineration,  containing  common  fait,  mineral  alkali,  and  an  earth,  which 
is  probably  a combination  of  lime  and  phofphoric  acid. 

The  ferum  of  blood  exhibits  marks  of  a difengaged  alkaline  fait,  and  is  gready 
difpofed  to  putrefy.  It  unites  with  water  in. all  proportions,  and  forms  a milky  fluid, 
which  maybe  coagulated  by  acids,  or  ardent  fpirit.  Anincreafeof  temperature  caufes 
Serum  to  become  confident,  with  little  or  no  lofs  of  weight,  in  the  fame  manner  at 
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the  white  of  egg  ; and  it  is  accordingly  ufed  for  the  fame  purpofe  in  clarifying 
liquids.  From  a variety  of  experiments,  it  appears  highly  probable  that  white 
of  egg,  ferum  of  blood,  and  the  pure  curd  of  milk  do  not  efientially  differ  from 
each  other  : and  to  thefe  we  may  perhaps  add  the  vegetable  gluten,  which  con- 
fiderably  refembles  cheefe. 

Alkalis  render  the  ferum  of  blood  more  fluid  : acids  coagulate  it,  and  exhibit 
the  neutral  fait  they  would  have  produced  by  combination  with  mineral  alkali. 
The  coagulum  affords,  by  diftillation,  phlegm,  mild  volatile  alkali,  and  a thick  fe- 
tid oil ; and  the  refidue  affords  mild  mineral  alkali.  Thefe  produds  are  the  fame 
as  are  afforded  by  the  ferum  itfelf. 

Serum  is  coagulated  by  ardent  fpirit,  merely  by  the  lofs  of  part  of  its  water. 
When  rendered  concrete  by  heat,  and  expofed  to  the  adion  of  nitrous  acid,  it  af- 
fords phlogifticated  air  by  a flight  heat,  which  is  followed  by  nitrous  air;  and  the 
refidue  affords  acid  of  fugar,  together  with  a fmall  portion  of  acid  of  apples. 

The  craffamentum  of  blood,  when  treated  in  the  way  of  deftrudive  diftillation, 
becomes  dry  and  brittle,  at  the  fame  time  that  it  emits  an  alkaline  phlegm  : this 
is  followed  by  an  empyreumatic  (linking  oil,  and  concrete  volatile  alkali.  A 
fpungy  brilliant  coal  remains,  which  by  treatment  with  vitriolic  acid  is  found  to 
contain  mineral  alkali  and  iron,  as  appears  by  the  produdion  of  Glauber’s  fait  and- 
martial  vkriol : coaly  matter  and  phofphorated  lime  are  then  left  behind. 

The  fibrous  matter  which  is  obtained  by  wafhing  the  red  part  of  the  blood,  re- 
fembles the  ferum  in  many  of  its  properties  though  it  differs  from  it  in  not  being 
foluble  in  water,  in  becoming  hard  by  a very  gentle  heat,  and  in  not  combining 
with  alkalis.  Acids  unite  with  it,  and  in  particular  the  nitrous  acid  diffolves  it,, 
and  extricates  phlogifticated  and  nitrous  air ; while  the  refidue,  by  evaporation, 
affords  acid  of  fugar  in  cryftals,  a peculiar  oil  in  flocks,  and  the  phofpho.ric  fait 
of  lime.  Its  volatile  produds,  by  deftrudive  diftillation,  are  nearly  the  fame  as- 
thofe  of  ferum  : but  its  refidue  contains  no  fait,  except  the  combination  of  lime 
and  phofphoric  acid ; the  other  falts  it  might  have  contained  having  probably 
been  carried  off  during  the  wafhing.  Marine  acid  forms  a green  jelly  with  the 
fibrous  part  of  the  blood. 

Blood  contains  much  iron.  The  experiments  of  Menghini,  Bucquet,  and  Lorry, 
prove  that  the  metal  is  capable  of  palling  into  the  blood  by  the  firft  paflages, 
fince  patients  who  are  under  a courfe  of  martial  medicine  void  it  by  the  way  of 
urine.  When  the  coagulated  part  of  the  blood  has  been  wafhed,  if  that  part- 
which  has  retained  the  colouring  matter  be  burned,  and  the  coal  be  lixiviated,  the 
refidue  of  this  lixivium  is  in  the  ftate  of  faffron  of  Mars,  of  a fine  colour,  and 
ufually  obedient  to  the  magnet. 

The  colour  of  blood  has  been  attributed  to  this  iron  ; and  it  is  very  true  that  the 
colour  appears  to  be  entirely  formed  of  it ; for  there  exifts  no  veftige  of  this  metal  in 
the  wafhed  and  difcoloured  coagulum  : but  as,  on  the  other  hand,  the  blood  does 
not  become  coloured  without  the  concourfe  of  air,  and  as  vital  air  alone  is  abforbed 
in  refpiration,  it  appears  that  the  colour  is  owing  to  iron  calcined  by  the  pure  air, 
and  reduced  to  the  ftate  of  red  calx. 

BLOW-PIPE.  This  ufeful  inftrument  has  been  already  defcribed  under  the 
article  Apparatus,  which  fee.  The  prefent  article  will  therefore  confift  of  an 
account  of  the  materials,  or  fubjeds,  upon  which  experiments  are  made  with  this 
inftrument.  The  bodies  intended  to  be  heated  by  the  blow-pipe  muft  not  in  ge- 
neral exceed  the  fize  of  a pepper-corn,  unlefs  bellows  and  very  large  flame  be  ufed. 
The  proper  fupports  are  either  a piece  of  fmooth  clofe-grained  charcoal,  forfuch 
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Bodies  as  are  not  fubjedl  to  fuch  an  alteration  of  their  properties,  from  the 
flammability  of  the  coal,  as  might  be  contrary  to  the  nature  of  the  inveftigation. 
This  fupport  is  therefore  moft  frequently  ufed  ; as  it  is  properly  adapted  for  fa- 
line,  earthy,  and  many  metallic  bodies.  The  other  fupport  confifts  of  a fpoon, 
fomewhat  lefs  than  a quarter  of  an  inch  in  diameter,  made  of  a metal  not  fubjedt 
to  calcination  ; that  is  to  fay,  pure  gold,  fiver,  or  platina,  or  fuch  a mixture  of 
thefe  metals  as  might  be  found  to  be  leaft  deficient  in  the  requifite  degree  of  hard- 
nefs,  which  gold  or  filver  alone  does  not  poffefs.  Bergmann  advifed  to  add  one- 
tenth  of  platina  to  a given  mafs  of  filver.  I find,  however,  that  this  mixture,  with 
picked  grains  of  crude  platina,  forms  a compound  harder  indeed  than  pure  fil- 
ver,  but  fubjedt  to  blifter  at  a low  red  heat,  and  perhaps  more  fufible  than  filver 
itfelf.  Thereis,  however,  novery  confiderable  inconvenience  refulting  from  the  ufe 
of  a fmall  fpoon,  either  of  gold,  or  of  filver  ; and  platina,  purified  to  fuch  a degree 
as  to  be  perfedtly  malleable,  and  to  exceed  21,0  in  fpecific  gravity,  poflefles 
every  quality  which  can  be  wifhed  for.  The  fmall  metallic  fpoon  muft  of  courfc 
be  properly  fixed  in  a focket  of  metal,  provided  with  a wooden  handle. 

Very  fmall  or  pulverulent  fubftances  are  apt  to  be  carried  away  by  the  current 
of  flame.  Thefe  may  be  fecured  by  making  a fmall  hole  in  the  charcoal,  in 
which  the  powder  is  to  be  put,  and  covered  with  another  fmall  piece  of  charcoal, 
which  partly  protedls  them  from  the  flame.  Some  experiments  of  redudtion  are 
made  by  binding  two  fmall  pieces  of  charcoal  together,  cut  in  a channel  along 
the  piece  intended  to  be  the  undermoft,  and  making  a cavity  in  the  middle  of 
this  channel  to  contain  the  fubjed  matter  of  examination.  With  this  apparatus 
the  flame  is  urged  through  the  channel  between  the  two  pieces  of  coal,  and  vio- 
lently heats  the  fubftance  in  the  cavity,  which  may  be  confidered  as  a clofed 
Veflel. 

A great  number  of  mineral  bodies  are  not  fufible  by  mere  flame,  urged  by 
common  air  through  the  blow-pipe ; though  dephlogifticated  or  vital  air  fub- 
dues  moft  bodies. 

Whenever  therefore  the  fufion  of  any  refradory  fubftance  is  to  be  attempted, 
fome  other  fubftance  muft  be  added  which  is  more  fufible,  and  capable  of  dif- 
folving  the  former.  Thefe  folvents  in  the  dry  way  are  diftinguifhed  by  the  name 
of  Fluxes,  and,  like  the  folvents  ufed  in  the  humid  way,  are  rnoftly  faline.  It  may 
cafily  be  imagined,  that  the  nature  of  the  products  will  greatly  vary,  according  to 
that  of  the  flux  which  enters  into  combination  with  them  ; and  accordingly  they 
are  varied  in  experiments,  as  well  as  in  operations  in  the  large  way.  The  blow-pipe 
experiments,  though  conducted  upon  the  fame  principles  as  thofe  upon  a larger 
fcale,  differ  neverthelefs  from  them  in  two  particulars ; namely,  that  the  whole  of 
the  phenomena  are  vifible  throughout,  and  that  the  refidues  are  of  no  value,  other- 
wife  than  as  they  ferve  to  indicate  fads.  For  thefe  reafons,  every  flux  without  ex- 
ception might  be  ufed  with  the  blow-pipe,  provided  it  were  not  of  fuch  a nature  as 
to  fink  into  the  charcoal.  We  may  therefore  feled  a certain  fmall  number  of  the 
moft  convenient  fluxes,  and  note  the  effects  which  they  refpedively  produce  upon 
the  various  mineral  bodies  ; and  thefe  will  ferve  as  indications  to  enable  the  che- 
mical enquirer  to  diftinguifh  them  again  with  a much  greater  degree  of  accuracy 
than  by  their  external  figures,  not  to  mention  that  he  may  alfo  derive  the  greateft 
advantage  with  regard  to  the  more  extenfive  operations  he  might  be  difpofed  to 
undertake.  A confiderable  part  of  this  preliminary  labour  has  already  been  per- 
formed by  Engeftrom,  Bergmann,  Mongez,  and  others ; and  it  is  now  become 
•rafualfor  chemtfts,  among  their  other  experiments  on  minerals,  to  mention  their 
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habitudes  with  the  blow-pipe.  In  the  following  general  fketch,  I (hall  chiefly  re- 
cur to  Bergman  n’s  Treatife  on  the  Blow-pipe,  of  which  we  have  an  Englifh  tranf- 
lation  in  the  fecond  volume  of  his  Effays.  A good  Treatife  on  this  fubject  by 
Engeftrom  may  likewife  be  confultedat  the  end  of  the  Englifli  edition  of  Cron- 
ftedt’s  Mineralogy;  and  the  habitudes  of  a very  great  number  of  bodies  with  the 
blow-pipe  maybe  feen  in  the  French  edition  of  Bergmann’s  Sciagraphia  RegnT 
Mineralis,  by  theabbe  Mongez,  under  the  title  of  Manuel  du  Mineralogifte. 

The  fluxes  which  have  obtained  the  general  fandion  of  chemifts,.  on  account 
of  the  extenfive  ufe  they  have  been  applied  to  by  Bergmann,  are  : 

1 . The  phofphoric  acid,  or  rather  the  microcofmic  fait,  as  it  is  generally  called, 
which  contains  that  acid,  partly  faturated  with  mineral,  partly  with  volatile  alkali, 
and  loaded  befides  with'  much  water  and  a gelatinous  fat.  This  fait,  when  ex- 
pofed  to  the  flame,  boils  and  "foams  violently  with  a continual  crackling  noife,  un* 
til  the  water  and  volatile  alkali  have  flown  off:  afterwards  it  is  lefs  agitated,  fend- 
ing forth  fomewhat  like  black  fcoriae,  ariling  from  the  burned"  gelatinous  part ; 
thefe  are  foon  difpelled,  and  exhibit  a pellucid  fphamule,  encompaffed  by  a beau* 
tiful  green  cloud,  which  is  occafioned  by  the  deflagration  of  the  phofphorus-arif- 
ing  from  the  extrication  of  the  acid  by  means  of  the  inflammable  matter. 

The  clear  globule  which  remains  upon  the  removal  of  the  flame,  continues 
longer  foft  than  that  formed  by  borax,  and  therefore  is  more  fit  for  the  addition 
of  the  matter  to  be  diffolved.  The  volatile  alkali  is  expelled  by  the  fire,  and 
leaves  an  excefs  of  acid,  which  eafily  attracts  moifture  in  a cool  place. 

2.  The  mineral  alkali,  or  fal  fodas,  which,  when  fufed  upon  charcoal,  melts  fir* 
perficially  with  a crackling  noife,  penetrates  the  charcoal,  and  difappears.  This, .. 
in  the  fpoon,  yields  a permanent  fphaerule,  fo  long  as  it  is  kept  fluid  by  the  blue 
apex  of  the  flame  ; but  when  the  heat  is  diminifhed,  it  affumes  a milky  opacity,, 
and  cannot  be  employed  upon  charcoal.  This  alkali  attacks  feveral  fubftances, 
particularly  ftliceous  matters. 

3.  Cryftailized  borax,  expofed  to  the  flame  upon  charcoal,  at  firft  becomes 
opake,  white,  and  wonderfully  intumefcent  ; it  throws  out  branches  and  various 
protuberances  : but  when  the  water  is  expelled,  it  is  eafily  collected  into  a mai'i, 
which,  when  well  fufed,  yields  a colourlefs  fphaerule,  and  retains  its  tranfparency 
even  after  cooling  : if  calcined  borax  be  employed,  the  clear  fphserule  is  more 
fpeedily  obtained.  This  fait  confifts  of  a mineral  alkali,  partially  faturated  with 
a peculiar  acid,  known  by  the  name  of  Sedative  Salt;  each  of  its  principles  is  fe- 
parately  fufible,  and  each  diffolves  a great  number  of  other  matters. 

The  habits  of  thefe  falts,  when  expofed  to  fire,  being  once  known,  it  will  be  eafy- 
to  underftand  the  differences  occafioned  by  the  different  additions. 

The  habitudes  of  the  falts,  according  to  Bergmann,  are  as  follows  : 

The  acid  of  arfenic  in  the  dry  Hate,  when  urged  by  the  blow-pipe  upon  char 
coal,  becomes  fo  far  reduced  as  to  regenerate  white  arfenic,  and  emit  the  fmell  of' 
garlic.  In  the  fpoon  it  fufes,  and  does  not  fmoke,  unlefs  by  a partial  redudion 
from  the  flame,  or  the  metallic  fupport. 

The  acid  of  molybdena,  when  expofed  to  the  flame  upon  charcoal,  is  abforbed. 

Alkalis.  The  cryftailized  vegetable  alkali  firft  becomes  opake,  and  decrepi- 
tates long  and  violently,  then  melts  into  a globule,  which  perfifts  in  the  fpoon,  bur 
expands  on  the  charcoal,  and  is  abforbed  with  a crackling  noife. 

The  mineral  alkali  has  the  fame  properties  as  the  fal  fodse,  already  deferibed. 

The  volatile  alkali  liquefies  a little,  and  is  diflipated. 

Neutral  Salts.  Several  of  the  neutral  falts  flow  twice  ; but,  according  to  their 
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different  natures,  they  exhibit  different  phenomena,  which  a few  examples  will 
fufficiently  illuftrate. 

The  Decrepitating  Salts.  Thefe  are  broken  and  difperfed  by  fudden  heat : 
of  this  fort  are  vitriolated  vegetable  and  volatile  alkali,  falited  vegetable  and 
mineral  alkali. 

Volatile  Salts,  which  have  a bafe  totally  volatile,  and  generally  fly  off ; vitrio- 
lated, nitrated,  and  falited  volatile  alkali. 

Genuine  Salt  of  Amber,  by  the  exterior  flame  on  the  charcoal,  liquefies  and 
fmokes ; by  the  interior  takes  fire,  and  in  burning  difappears  with  a blue  flame. 

In  the  fpoon  the  fame  happens,  except  when  the  fait  abounds  with  oil,  which 
almoft  always  happens ; in  this  cafe,  fome  coaly  vefliges  remain.  The  fpurious 
fait  of  amber  differs  according  to  the  frauds  ufed  in  its  preparation  ; it  generally, 
m the  beginning,  fwells,  fmokes,  and  grows  black,  then  white,  and  finally  melts 
into  a fixed  white  mafs. 

Detonating  Salts.  Thefe  falts,-  which  always  abound  with  nitrous  acid,  liquefy 
in  the  fpoon,  and  perfift  even  on  the  charcoal,  unlefs  it  takes  fire  ; for  when  ig- 
nited, they  immediately  take  fire  on  the  contadt  of  phlogifton,  fending  forth  a 
violent  flame  with  a detonating  noife.  During  this  operation,  the  acid  is  diffi- 
pated,  arid  the  balls,  if  fixed,  remains  alone.  If  the  bafe  be  volatile,  fcarce  any 
detonation  is  excited  j for  the  fait  flies  totally’ off. 

Nitrated  vegetable  alkali  fhews  ablue  flame  but  the  nitrated  mineral  and  vo- 
latile alkali,  a yellow  one. 

Carbonaceous-Salts.  Thefe,  by  thecombuftion  of  their  acid,  yield  fpongy  coals, . 
which  when  ignited  foon  grow  white,  leaving  behind  the  alkaline  bafe:  fuch  are, 
acid  of  tartar,  crude  tartar,  fal  acetofellae,  and  tartarized  vegetable  and  mineral 
alkali. . 

Hepatifcent  Salts.  Thefe,  expofed  to  the  flame  on  the  charcoal,  flow,  and 
yield  a yellow  or  red  mafs,  which  diffufes  an  hepatic  fmell,  efpecially  when  moift- 
ened  by  any  acidJ  To  this  clafs  belong  all  thofe  fixed  in  the  fire,  containing 
vitriolic  acid,  which,  when  faturated  with  the  phlogifton  of  the  charcoal,  generate 
fulphur  : thefe  are,  vitriolated  vegetable  and  mineral  alkali. 

Middle  Earthy  Salts.  Of  the  middle  earthy  falts,  few  flow  fo  perfectly  as  to 
be  reduced  to  a globule;  nor  do  they  all  fufe  aftually,  though  the  water  of  cryf- 
tallization  in  its  departure  excites  a foam  : thofe  which  contain  vitriolic  acid  ef- 
fervefce  violently  with  borax  and  microcofmic  fait,  but  are  difficultly  diffolved 
by  fal  fodae. 

Decrepitating  Earthy  Salts.  Gypfum  fpathofum. 

Intumefcent  Earthy  Salts.  Vitriolated  magnefia  fwells,  foams,  and,  when 
repeatedly  expofed  to  the  flame,  may  be  fufed. 

Alum  is  fomewhat  different  ; for  finally  all  ebullition  ceafes,  and  the  mafs  re- 
mains immovably  at  reft,  and  it  undergoes  no  other  change  than  to  fplit : when 
hot,  it  is  variegated  with  blue  fpots. 

Acetated  lime  fwelis  much  like  alum,  but  fcarcely  adheres  to  the  charcoal. 

Nitrated  magnefia  fwells  with  a crackling  noife,  but  without  any  detonation, 

Salited  magnefia,  in  a dry  ftate,  belongs  to  this  clafs, 

Fufible  Salts.  Although  gypfum  eluded  the  force  of  fire  in  Pott’s  furnace, 
yet  it  may  be  fufed  in  a moment  if  a fedtion  of  the  lamella  be  expofed  in  the 
blue  flame  : though  naturally  pellucid,  it  inftantly  acquires  an  opacity  ; the  wa- 
ter goes  off  without  ebullition, 
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Carbonaceous  Earthy  Salts.  Tartarized  lime  and  magnefia:  nay,  all  the 
earths  united  with  acid  of  tartar. 

Soluble  in  borax  and  microcofmic  fait,  with  effervefcence.  Lime,  magnefia, 
vitriolated  clay,  and  acetated  lime. 

Middle  Metallic  Salts.  Some  of  the  middle  metallic  falts,  either  containing  a 
large  quantity  of  water,  or  retaining  pertinacioufly  the  acid,  flow  in  the  fire; 
others  only  foam:  mod  of  them  recover,  at  lead  partly,  their  metallic  appearance, 
efpecially  when  they  touch  the  coal,  leaving  at  the  fame  time  an  irregular  fcoria. 
By  the  addition  of  borax,  the  fcorise  are  diflolved,  and  the  regulus  better  col- 
lected ; but  here  we  confider  the  falts  alone  : the  fluxes  are  tinged  in  the  fame 
way  as  by  the  metal  calxes. 

Decrepitating  Metallic  Salts.  Nitrated  lead, tartarized  antimony. 

Volatile  Metallic  Salts.  To  this  belong  the  falts  whofe  bafe  is  mercury,  as 
they  are  diflipated  by  fire  : thofe  which  contain  marine  acid,  in  general,  fly  off 
more  quickly  than  thofe  which  are  loaded  by  any  other  mendruum. 

Detonating  Metallic  Salts.  -Silver,  mercury,  lead  and  bifmuth,  united  with 
nitrous  acid. 

Intumefcent  Metallic  Salts.  At  the  fird  approach  of  fire  they  fwell  with  noife, 
and  a certain  ebullition,  but  then  remain  immovable.  Vitriolated  and  nitrated 
copper,  iron  and  cobalt  vitriolated,  vitriolated  and  nitrated  zinc. 

Fuiihle  Metallic  Salts.  Thefe  are  by  the  exterior  flame  eafily  reducible  to 
globules.  By  this  method,  filver  and  lead,  falited  in  the  fpoon,  put  on  the  corneous 
appearance  ; but  by  .a  long  violent  fufion  they  again  put  it  off,  the  acid  being 
too  much  diminifhed  : hence  it  appears  with  what  caution  thefe  metals  are  to  be 
made  horny  in  the  crucible.  Silver  and  lead  vitriolated,  copper  and  zinc  fa- 
lited. 

Carbonaceous  Metallic  Salt.  Tartarized  antimony. 

Metallic  Salts  .tinging  the  flame.  Vitriolated  copper,  and  alfo  ni  tratedcop- 
per,  produce  a greennefs  ; but  falited  copper  afts  with  far  more  efficacy.  The 
green  cryftals  of. this  firft  grow  red  by  the  exterior  flame ; they  foon  liquefy  and 
grow  black  ; they -make  the  flame  at  firft  of  a deep  blue,  which  afterwards  verges 
to  a green.  The  flame,  thus  tinged, expands  much,  and  remains  fo  until  thewhole 
mafs  of  the  fait  is  diflipated  : this  green  fait,  added  to  microcofmic  fait  in  fufion, 
immediately  (hews  a beautiful  flame ; the  clear  globule  isfinged  green,  and  does 
not  grow  opake  or  brown,  unlefs  a large  quantity  of  the  microcofmic  fait  be 
added;  a circumftance  which  takes  place  much  fooner  upon  the  addition  of  a 
fmaller  quantity  of  borax. 

Habitudes  of  the  Primitive  Earths. 

Lime. 

This  (which  by  itfelf  is  infufible),  by  a fufficient  degree  of  heat,  lofes  its  pro- 
perty of  effervefeing  in  acids ; it  acquires  folubility  in  water,  the  power  of  gene- 
rating heat  with  it,  and  of  fuffering  fpontaneous  calcination.  Thefe  laft  proper- 
ties, however,  it  lofes,  if  too  much  urged  by  heat.  The  heat  it  generates  with 
water,  may  eafily  be  tried  by  a drop  of  water  on  the  back  of  the  hand,  with  the 
addition  of  a ffnall  piece  of  lime,  juft  cooled  after  burning. 

Crude  calcareous  earth  effervefees  a little  with  mineral  alkali,  and  is  dividedi 
into  fmall  particles,  but  fparingly  diflolved  : when  overburned,  it  feems  not  to  be 
•divided  or  diminifhed. 
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In  borax  the  former  diflolves  with  effervefcence  ; the  latter  fcareely  gene- 
rates any  bubbles. 

In  microcofmic  fait  the  fame  phenomena  appear;  but  the  effervefcence  is 
fomewhat  greater. 

It  is  alfo  obfervable,  that  a very  fmall  piece  of  calcareous  earth  is  eafily  dif- 
folved  in  borax  and  microcofmic  fait,  yielding  fphasrules  altogether  pellucid  : 
but  if  more  earth  be  gradually  added,  the  flux,  at  length  faturated,  retains  the 
diflolved  matter,  indeed,  while  in  perfe£t  fufion  ; but  on  removing  the  flame, 
the  part  which  was  taken  up  by  means  of  the  heat  alone,  feparates ; from  hence 
clouds  arife  at  firft,  and  the  whole  globule  becomes  opake,  and  recovers  its  tranf- 
parency  again  by  fufion.  This  is  entirely  correfpondent  to  what  happens  in  the 
humid  way  : for  warm  water  faturated  with  nitre,  or  Glauber’s  fait,  upon  cool- 
ing, is  obliged  to  depofit  that  part  which  it  had  taken  up  in  virtue  of  its  warmth. 
If  the  fufed  pellucid  globule  (which  would  grow  opake  upon  cooling)  be  quickly 
plunged  into  melting  tallow,  water,  or  any  other  fubftance  hot  (for  cold  generally 
cracks  it),fo  as  to  groyv  fuddenly  hard,  it  retains  its  tranfparency  ; the  particles  be- 
ing as  it  were  fixed  into  that  ftate  which  is  neceflary  to  tranfparency.  This  is  a 
phenomenon  highly  worthy  of  obfervation,  which  cannot  be  feen  in  the  crucible. 

Terra  Ponderofa; 

Terra  ponderofa,  expofed  alone  to  the  flame,  becomes  like  calcareous  earth, 
cauftic,.  foluble  in  water,  and  non-effervefcentin  acids. 

In  falfodae.it  effervefces  only  a lit  le,  but  is  fenfibly  diminifhed. 

In  borax  it  diflolves  with  flight  effervefcence  ; as  alfo  in  microcofmic  fait; 
but  here  it  effervefces  fomewhat  more  violently. 

The  phenomena  obferved  on  fatu ration  with  calcareous  earth  have  place  here 
alfo  : magnefia  ignited  alone  lofes  its  aerial  acid,  together  with  the  property  of 
effVrvefcing  in  acids;, in  faf  fodae.it  effervefces  a little,  but  is  fcareely  dimi- 
ni  flied. 

Clay. 

Common  argillaceous  earth  abounds  with  heterogeneous  particles,  and  always 
con  ains  a confiderable  quantity  of  filiceous  earth,  which  generally  amounts 
to  half ; hence,  when  clay  is  required  pure,  as  in  this  inftance,  the  earth  of  alum, 
digefted  in  an  alkaline  lixivium  and  wellwafhed,  nuift.be  employed. 

Expofed  to  the  flame,  it  grows  hard,  Contracts  its  bulk,  but  does  not  fufe. 

In  fal  fodze  it  effervefces  a little,  but  is  fpariogly  diflolved. 

In  borax  it  diflolves  with  remarkable  effervefcence. 

In  microcofmic  fait,  a ftill  more  violent  ebullition  takes  place. 

Siliceous  Earth. 

Alone  it  is  not  fufed. 

Sal  fodas  diflolves  it  with  violent  effervefcence;  and  if  the  filiceous  earth  dif- 
folved  exceeds  the  weight  of  the  flux,  it  yields  a pellucid  glafs.  This,  and  all 
the  other  operations  with  fal  foda?,  muft  be  performed  in  the  lpoon. 

In  borax  it  diflolves  flowly,  without  any  ebullition  ; in  microcofmic  fait,  very 
flowly,  and  without  effervefcence. 
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Derivative  Earths. 

To  avoid  confufion  from  multiplicity,  we  fhall  colled  thefe  into  clafles.,  ac- 
cording to  their  moil  remarkable  habits. 

Decrepitating. 

Spathofe  mineral  fluor.  Lapis  ponderous*.  Calcareous  fpar.  Spathum 
ponderofum.  The  decrepitation  may  be  performed  without  fcattering  in  a glafs 
tube,  clofed  by  the  finger,  and  held  over  the  flame. 

Infufible. 

Diamond.  Pure  albedos  -f.  Refra&ory  clay  . Hyacinth.  Hydropha- 
nous  filiceous  jafper.  Lapis  ponderofus.  Pura  mica  f.  Quartz.  Ruby. 
Sapphire.  -Flint.  Steatite -f-.  Topaz. 

Thofe  four  marked  with  a are  indurated  by  fire. 

Infufible,  changing  colour. 

Bolar  earths  generally  grow  black ; lime  mixed  with  aerated  magnefia,  black  ; 
lime  blackened  by  fubtile  bitumen,  white. 

Of  the  gems,  fome  change  or  lofe  colour;  thefe  are  the  cryfolith,  topaz,  and 
fometimes  the  fapphire. 

The  red  and  green  jafper  acquire  a whitifh  or  grey  colour. 

Green,  black,  and  red  fteatite  grow  white. 

Fufible  without  ebullition. 

Martial  afbeftos.  Augites  (aqua  marina  •f-).  Bafaltes.  § Cryfolith  -f*.  Mine- 
ral fluor.  Granite.  Marga.  Petrofilex.  Emerald  -f.  Spathum  ponderofum. 
(This  corrodes  the  charcoal,  and  acquires  an  hepatic  tafte.)  Spathum  pyroma- 
chum.  Trapp. 

The  earths  marked  with  a ^ do  not  but  with  great  difficulty  fhew  any  figns  pf 
fufioji. 

Fufible  with  ebullition. 

Lithomarga.  Schoerl  j|.  Turmalin.  The  -inflated  fcoria  quickly  grows 
white,  though  the  ftone  is  brown.  .Zeolith. 

Fufible  altogether  in. fal  fod-je,  and  with  effervefchnce. 

Achates.  Chalcedony.  Cornelian.  Cos  Turcica  Mineral  fluor Onix; 
Opal.  Quartz.  Common  flint.  Spathum  ponderofum. 

Thefe  marked  -j-effervefce  but  little. 

'*  This  is  the  name  given  by  Mr.  Groriftedt  ("^  209)  to  a foflile,  which  he  enumerates  among  the 
ores  of  iron,  and  which  poffefles  a peculiar  fpecific  gravity.  Scheele,  Bergmann,  and  De  Luyart  have 
examined  it,  and  found  it  to  confift  chiefly  of  lime  and  a peculiar  acid.  This  ftone  is  now  better 
.known  by  its  Swedilh  name  Tungsten;  which  fee,  and  alfo  its  acid. 

§ The  yellowilh  cryftalline  matter  which  fills  up  the  interftices  of  the  native  Siberian  iron  exhibit 
the  fame  properties  with  refpeft  to  fire  as  the  cryfolith. 

(|  Bergmann  ufes  the  words  Schoerl  and  Trapp,  which  are  now  known  all  over  Europe.  By  bafaltes 
he  underltands  larger  prifrns,  which  compofe  the  Giant’s  Caufeway,  Staffa,  and  other  columnar 
mountains. 

Divifible 
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Divifible  with  or  without  effervefcence  in  fal  fodte,  but  not  entirely  foluble. 

Amianthus.  Afbeftos.  Bafaltes.  Cryfolite.  Garnet  -f-.  Hornblende. 
Jafper.  Lapis  pond erofus.  Lithomarga.  Mica.  Matrix  of  the  alum  of  Tol- 
fa. Petrofilex.  Aluminous  fchift.  Tegular  fchift,  or  roof  Hate  of  Helfing.  Eme- 
rald. Spathum  pyromachum.  Steatites.  Talc.  Trapp.  Trippel.  Tourmalin. 

Not  fufible,  or  divifible  by  fal  fodae. 

Diamond.  Hyacinth.  Ruby.  Sapphire.  Topaz. 

Soluble  in  borax,  with  more  or  lefs  effervefcence. 

Mineral  fluor  T-  Marga.  Mica -p.  Ore  of  Tolfa.  Aluminous  fchifl  Te- 
gular fchift  of  Helfing-f-  (Roof  Slate).  Spathum  ponderofum.  Schoerl.  Talc. 
Tourmalin. 

Thofe  marked  T effervefce  but  little. 

Soluble  in  borax,  without  effervefcence. 

Agate.  Diamond.  Amianthus.  Afbeftos.  Bafaltes.  Chalcedony.  Cor- 
nelian. Cryfolite.  Cos  Turcica.  Garnet.  Hyacinth.  Hydrophanous  filiceous 
jafper.  Lapis  ponderofus.  (The  flux  grows  hardly  blue  ; on  too  much  cooling 
it  becomes  white  and  opake.)  Lithomarga.  Onyx.  Opal.  Petrofilex.  Quartz  -f-. 
Ruby.  Sapphire.  Common  flint  -j'.  Emerald.  Steatites.  Spathum  pyroma- 
chum. Trapp.  Trippel.  Topaz  'f'.  Zeolite. 

Thofe  marked  'f-  require  a greater  quantity  of  flux  and  longer  heat  than  the 
reft. 

Soluble  in  microcofmic  fait,  with  more  or  lefs  effervefcence. 

Bafaltes  Cos  Turcica.  Mineral  fluor 'f-.  Lapis  ponderofus.  It  effervef- 
ces  at  firft,  then  fcarcely  diffolves  : the  flux  acquires  a fine  blue  tinge,  without 
any  mixture  of  rednefs.  The  colour  is  difcharged  by  the  exterior  flame,  or  by  a 
fmall  quantity  of  nitre  ; but  is  reftored  by  the  interior  flame  : if  the  proportion 
of  earth  be  large,  it  acquires  a pellucid  brown  colour,  not  difchargeable  either 
by  nitre  or  the  flame  ; if  ftill  larger,  it  grows  black  and  opake.  Marie.  Mica  -f-. 
Aluminous  ore  of  Tolfa.  Aluminous  fchiftus.  Tegular  fchiftus  of  Helfing 
Schoerl.  Spathum  ponderofum.  Tourmalin. 

Thofe  marked  effervefce  but  little. 

Soluble  in  microcofmic  fait,  without  effervefcence. 

Agate.  Diamond.  Amianthus.  Afbeftos.  Chalcedony-^.  Cornelian  -f-. 
Cryfolith  -f~.  Granite.  Hornblende.  Hyacinth.  Hydrophanous  filiceous 
jafper -f-.  Lithomarga.  Onyx  ■f-.  Opal  -f~.  Petrofilex.  Quartz  -j-.  Ruby. 
Sapphire.  Common  flint.  Emerald.  Steatites,  Spathum  pyromachum.  Talc. 
Topaz.  Trapp.  Trippel.  Zeolite. 

Thofe  marked  -j-  are  more  difficultly  diffolved  than  the  reft,  and  fcarce  fen- 
fiblyV 

In  general  it  L^to  be  obferved,  i.  That  when  the  effervefcence  is  to  be  exa- 
mined, only  a very  fmall  piece  of  the  matter  is  to  be  added  to  the  flux,  as  the  moft 
fubtile  powder  contains  air,  which  being  expelled  by  the  heat,  forms  the  ap- 
pearance of  effervefcence.  a.  That  the  folution  is  often  accelerated  by  lime, 
fpathum  ponderofum,  gypfum,  and  other  additaments,  both  in  borax  and  micro- 
cofmic fait.  3.  That  gypfum  alone  is  fometimes  an  excellent  and  very  ufeful 
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flux.  This  fait,  with  an  equal  portion  of  fluor  mineral,  is  eafily  reduced  to  a pel- 
lucid globule,  which  yet  upon  cooling  grows  white  and  opaque.  The  fpathum 
ponderofum  alfo  unites  with  mineral  fluor,  but  the  mafs  does  not  become  pel- 
lucid. 

BLUE,  PRUSSIAN.  A combination  of  iron  with  a fubftance  of  the  nature 
of  an  acid,  and  diftinguilhed  by  the  name  of  the  acid  of  Pruflian  blue  ; which  fee. 

A cafual  circumftance  occafioned  the  difcovery  of  this  pigment.  Diefbach,  a 
chemift  of  Berlin,  being  defirous  of  precipitating  a decoftion  of  cochineal  with 
fixed  alkali,  borrowed  a quantity  of  alkali  of  Dippel,  from  which  he  had  feveral 
times  diftilled  his  animal  oil  ; and  as  the  decodiion  of  cochineal  contained  mar- 
tial vitriol,  a beautiful  blue  precipitate  fell  down.  An  account  of  Pruflian  blue 
was  given  in  the  Memoirs  of  the  Academy  of  Berlin,  in  the  year  1710,  but  with 
no  intimation  of  the  procefs.  It  was  afterwards  rendered  public  by  Woodward, 
in  the  Philofophical  Tranfadtions,  who  declared  that  he  had  received  it  from  one 
of  his  friends  in  Germany. 

To  make  Pruflian  blue,  four  ounces  of  alkali  are  mixed  with  an  equal  weight 
of  dried  bullock’s  blood,  and  the  mixture  is  expofed  to  ignition  in  a covered 
crucible.  By  this  treatment,  a coal  is  obtained,  which  is  afterwards  lixiviated  in 
water,  filtered,  and  concentrated  by  evaporation.  The  liquor  is  known  by  the 
name  of  the  Phlogifticated  Alkali.  On  the  other  hand,  two  ounces  of  martial  vi- 
triol and  four  ounces  of  alum  are  diflolvedin  a pint  of  water.  The  two  folutions 
are  then  mixed,  and  a blueifh  depofition  falls  down,  which  is  rendered  ftill  more 
intenfely  blue  by  wafhing  it  with  marine  acid. 

This  is  the  procefs  ufed  in  chemical  laboratories ; but  another  method  is  fol- 
lowed in  the  manufactories.  The  rafpings  of  horns,  clippings  of  fkins,  or  other 
animal  fubftances,  are  converted  into  charcoal,  by  heating  them  in  covered  vef- 
fcls.  Thirty  pounds  of  potafli  are  then  mixed  with  ten  pounds  of  this  coal,  and 
the  mixture  calcined  in  an  iron  veflel.  After  twelve  hours  ignition,  the  mixture 
acquires  the  form  of  a foft  pafte,  which  is  poured  out  into  veflels  of  water.  The 
water  is  then  filtered,  and  the  folution  mixed  with  another,  confiding  of  three 
parts  of  alum,  and  one  of  martial  vitriol. 

Various  theorieshave  been  exhibited  refpeCling  Pruflian  blue  by  Geoffroy,Mac- 
quer,  Sage,  and  others,  in  which  confiderable  ingenuity  is  difplayed  relative  to  the 
ftate  of  chemical  knowledge  at  the  time  they  were  exhibited  : but  the  difcove- 
ries  of  Scheele  and  Berthollet  have  afforded  us  much  light  with  refpeCt  to  the  ana- 
lyfis  of  this  fubftance,  for  which  confult  the  article  laft  referred  to. 

BLUE,  SAXON.  The  belt  Saxon  blue  colour  may  be  given  by  the  follow- 
ing compofition  : 

Mix  one  ounce  of  the  beft  powdered  indigo  with  four  ounces  of  oil  of  vitriol,  in 
a glafs  body  or  matrafs,  and  digeft  it  for  one  hour  with  the  heat  of  boiling  water, 
fhaking  the  mixture  at  different  times  : then  add  twelve  ounces  of  water  to  it, 
and  ftir  the  whole  well,  and,  when  grown  cold,  filter  it.  This  produces  a very  rich 
deep  colour.  If  a paler  blue  be  required,  it  may  be  obtained  by  the  addition  of 
more  water.  The  heat  of  boiling  water  is  fufficient  for  this  operation,  and  can 
never  fpoil  the  colour  : whereas  a fand  heat,  which  is  commonly  ufed,  is  often 
found  to  damage  the  colour.  Indigo  which  has  been  digefted  with  a large  quan- 
tity of  fpirit  of  wine,  and  then  dried,  will  produce  a finer  colour  than  the  former, 
if  treated  in  the  fame  manner  with  oil  of  vitriol. 

BOG  ORES.  Thefe  are  ores  of  iron,  confifting  of  a calx  of  the  metal  in 
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a ftate  of  greater  or  lefs  purity,  mixed  with  earth  chiefly  of  the  argillaceous  kind. 
They  appear  to  have  been  depofited  by  water,  and  are  ufually  difpofed  in  ftrata, 
feparated  into  fmall  prifmatic  parts  by  the  contraction  of  the  clay. 

The  chief  of  thefe  are,  theaetites,  or  eagle-ftone,  with  other  round  pieces  or  peb- 
bles ; and  the  haematites,  or  blood-ftone. — See  Iron. 

BOLE.  Various  indurated  clays  have  been  diftinguifhed  by  this  name,  which 
was  formerly  much  ufed  : but,  as  it  has  been  very  little  noticed,  as  a term,  by  the 
later  improvers  of  mineralogical  and  chemical  fcience,  its  prefent  flgnification  is 
very  indeterminate. 

BOLOGNIAN  STONE.  Lemery  * reports,  that  an  Italian  Ihoemaker,  named 
Vincenzo  Cafciarolo,  firft  difcovered  the  phofphoric  property  of  the  Bolognian 
ftone.  It  is  the  ponderous  fpar,  or  combination  of  vitriolic  acid  with  ponderous 
earth.  This  man  found  it  at  the  foot  of  mount  Paterno  ; and,  from  its  brilliancy 
and  weight,  was  led  to  fuppofe  that  it  contained  filver.  Having  expofed  it  to  the 
fire,  doubtlefs  with  the  intention  of  difcovering  that  precious  metal,  he  obferved 
that  it  was  luminous  in  the  dark  ; a difcovery  which  engaged  his  attention,  and 
was  frequently  repeated  with  fuccefs.  Many  philofophers  and  chemifts  have 
fince  examined  this  phenomenon,  and  have  varied  the  method  of  calcining  the 
Bolognian  ftone  in  many  refpeds.  It  feems  as  if  the  greatefl  degree  of  phofphoref- 
cence  depended  on  a due  application  of  the  heat ; but  many  trivial  circumftances 
were  noticed  by  the  earlier  chemifts,  which  in  all  probability  had  little  to  do  in 
producing  this  effedt.  An  extreme  degree  of  heat  fufes  this  ftone. 

BONE.  The  bones  of  men  and  quadrupeds  owe  their  great  firmnefsand  fo- 
lidity  to  a confiderable  portion  of  the  phofphoric  fait  of  lime  which  they  contain. 
When  thefe  are  rafped  fmall,  and  boiled  in  water,  they  afford  gelatinous  matter, 
and  a portion  of  fat  or  oil  which  occupied  their  interfaces.  By  deftrudtive  diftil- 
lation  they  afford  alkaline  phlegm,  a fetid  oil,  and  much  volatile  alkali,  leaving  a 
coal  not  ealily  burned.  In  an  open  fire,  bones  are  inflamed  by  virtue  of  their 
oil,  and  emit  an  offenfive  empyreumatic  fmell.  The  white,  friable,  and  incom- 
buftible  refidue  confifts  chiefly  of  lime  and  phofphoric  acid  in  combination.  It  af- 
fords a fmall  quantity  of  mild  mineral  alkali  by  wafhing  with  water.  This  white 
matter  is  decompofable  by  fufion  with  mild  fixed  alkalis,  which  unite  with  the 
phofphoric  acid,  at  the  fame  time  that  the  fixed  air  converts  the  lime  into  chalk. 
Acids  likewife  difengage  the  phofphoric  acid  by  uniting  with  the  lime.  The  ni- 
trous or  the  vitriolic  acids  are  1110ft  commonly  ufed  in  this  procefs. 

BORAX.  The  origin  of  borax  was  for  a longtime  unknown  in  Europe ; and 
many  chemifts  ftill  continue  to  copy  from  each  other  that  its  origin  has  not  yet 
been  afcertained.  Mr.  Grill  Abrahamfon,  however,  fent  fome  to  Sweden  in  the 
year  1772,  in  a cryftalline  form,  as  dug  out  of  the  earth  in  Thibet,  where  it  is 
called  Pounnxa,  Mypoun,  -and  Houipoun  : it  is  faid  to  have  been  alfo  found  in 
Saxony  in  fome  coal  pits  f.  But  the  moft  particular  accounts  we  poffefs  con- 
cerning the  origin  of  borax,  are  found  in  the  Philofophical  Tranfaflions  for 
1787.  Mr.  Blane,  who  had  an  opportunity  of  enquiring  of  fome  of  the  inhabi- 
tants of  the  place  where  the  borax  is  made,  gives  the  following  account : 

This  faline  fubftance,  called  in  the  language  of  the  country  Swagah,  is 
brought  into  Hindoftan  from  the  mountains  of  Thibet.  The  place  where  it  is 
produced,  is  in  the  kingdom  of  Jumlate,  diftant  from  Betowle  about  thirty  days 

* Coyrfe  of  Chemiftry,  tranflated  by  Keill,  page  709.  f Kir  wan’s  Mineralogy,  206. 
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journey  north.  Jumlate  is  the  largeft  of  the  kingdoms  in  that  part  of  the  Thi- 
bet mountains,  and  is  confidersd  as  holding  a fuperiority  over  all  the  reft. 

The  place  where  the  borax  is  produced,  is  defcribed  to  be  in  a fmall  valley 
furrounded  with  fnowy  mountains,  in  which  is  a lake  about  fix  miles  in  circum- 
ference, the  water  of  which  is  conftantly  hot,  fo  much  fo  that  the  hand  cannot  be 
held  in  it  for  any  time.  The  ground  round  the  banks  of  the  lake  is  perfedly 
barren,  not  producing  even  a blade  of  grafs ; and  the  earth  is  full  of  a faline  mat- 
ter in  fuch  plenty,  that,  after  falls  of  rain  or  fnow,  it  concretes  in  white  flakes 
upon  the  furface,  like  the  natron  in  Hindoftan.  Upon  the  banks  of  this  lake,  in 
the  winter  feafon,  when  the  falls  of  fnow  begin,  the  earth  is  formed  into  fmall  re- 
fervoirs,  by  raifing  it  into  banks  about  fix  inches  high  : when  thefe  are  filled  with 
fnow,  the  hot  water  from  the  lake  is  thrown  upon  it,  v/hich,  together  with  the 
water  from  the  melted  fnow,  remains  in  the  refervoir,  to  be  partly  abforbed  by  the 
earth,  and  partly  evaporated  by  the  fun  ; after  which  there  remains  at  the  bottom 
a cake,  of  fometimes  half  an  inch  thick,  of  crude  borax,  which  is  taken  up,  and 
referved  for  ufe.  It  can  only  be  made  in  the  winter  feafon  ; becaufe  the  falls  of 
fnow  are  indifpenfably  requifite,  and  alfo  becaufe  the  faline  appearances  upon 
the  earth  are  ftrongeft  at  that  feafon.  When  once  it  has  been  made  upon  any 
fpot,  in  the  manner  above  defcribed,  it  cannot  be  made  again  upon  the  fame 
place  till  the  fnow  (hall  have  fallen  upon  it,  and  diffolved  three  or  four  times ; 
after  which  the  faline  efflorefcence  re-appears,  and  it  is  again  fit  for  the  ope- 
ration. 

■ The  borax,  in  the  date  above  defcribed,  is  tranfported  from  hill  to  hill  upon 
goats,  and  pafles  through  many  different  hands  before  it  reaches  the  plains, 
which  increafes  the  difficulty  of  obtaining  authentic  information  regarding  the 
original  manufacture.  When  brought  down  from  the  hills,  it  is  refined  from  the 
earth  and  grofs  impurities,  by  boiling  and  cryflallization.  Mr.  Blane  could  obtain 
no  anfwers  to  any  queflions  regarding  the  quality  of  the  water,  and  the  mineral 
productions  of  the  foil.  All  they  could  fay  of  the  former  was,  that  it  was  very 
hot,  very  foul,  and  as  it  were  greafy  ; that  it  boils  up  in  many  places,  and  has  a 
very  offenfive  fmell  : and  the  latter  remarkable  only  for  the  faline  appearances 
above  defcribed.  That  country,  however,  in  general,  produces  confiderable 
quantities  of  iron,  copper,  and  fulphur.  After  being  purified,  it  fells  in  the  mar- 
ket here  for  about  fifteen  rupees  per  maund  ; and  he  was  affured  by  many  of  the 
natives,  that  all  the  borax  in  India  comes  only  from  the  place  above  mentioned. 

The  other  account  of  borax,  in  the  fame  volume  of  the  Tran  factions,  is  con- 
tained in  a letter  from  father  Jofeph  de  Rovato,  father  prefed  of  the  million  in 
Thibet,  who  received  the  information  from  a native  of  the  country  where  the 
borax  is  prepared,  fent  exprefsly  for  that  purpofe  to  him  by  the  brother  of  the 
king  of  Nepal,  a kingdom  on  the  borders  of  Thibet. 

This  man,  partly  in  the  Nepalefe,  and  partly  in  the  Hindoo  language,  both 
which  are  underflood  by  the  prefed,  gave  the  following  account : — In  the  pro- 
vince or  territory  of  Marme,  twenty-eight  days  journey  to  the  north  of  Nepal, 
and  twenty-five  to  the  weft  of  Lalfa,  the  capital  of  Thibet,  there  is  a vale  about 
eight  miles  broad.  In  a part  of  this  vale  there  are  two  villages  or  caftles,  the 
one  named  Scierugh,  and  the  other  Kangle,  the  inhabitants  of  which  are  wholly 
employed  in  digging  the  borax  which  they  fell  into  Thibet  and  Nepal,  they  hav- 
ing no  other  means  of  fubfiftence,  the  foil  being  fo  barren  as  to  produce  nothing 
but  a few  rufhes.  Near  the  two  above-mentioned  caftles  there  is  a pool  of  mode- 
rate 
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rate  fize,  and  fome  {mailer  ones,  where  the  ground  is  hollow,  in  which  the  rain 
water  collects.  In  thefe  pools,  after  the  water  has  been  fome  time  detained  in 
them,  the  borax  is  formed  naturally  : the  men  wading  into  the  water,  feel  a kind 
of  pavement  under  their  feet,  which  is  a fure  indication  that  borax  is  there 
formed,  and  there  they  accordingly  dig  it. 

Where  there  is  little  water,  the  layer  of  borax  is  thin  ; and  where  it  is  deep, 
it  is  thicker ; and  over  the  latter  there  is  always  an  inch  or  two  of  foft  mud, 
which  is  probably  a depofit  of  the  water  after  it  has  been  agitated  by  rain  or  wind. 
Thus  is  the  borax  produced  merely  by  nature,  without  either  boiling  or  diftilla- 
tion.  The  water  in  which  it  is  formed  is  fo  bad,  that  the  drinking  a fmall  quan- 
tity of  it  will  occafton  a fwelling  of  the  abdomen,  and  in  a flrort  time  death  itfelf. 
The  earth  that  yields  the  borax  is  of  awhitifh  colour;  and  in  the  fame  valley, 
about  four  miles  from  the  pools,  there  are  mines  of  fait,  which  is  there  dug  in 
great  abundance  for  the  ufe  of  all  the  inhabitants  of  thefe  mountains,  who  live  at 
a diftance  from  the  fea.  The  natives,  who  have  no  other  fubfiftence  on  account 
of  the  fterility  of  the  foil,  pay  nothing  for  digging  borax  ; but  Grangers  muft 
pay  a certain  retribution,  and  ufually  agree  at  fo  much  a workman.  This  is  paid 
to  a Lama,  named  Pema  Tupkan,  who  owns  the  pits  in  Marme. 

Ten  days  journey  farther  north  there  is  another  valley,  named  Tapre,  where 
they  dig  borax,  and  another  Bill  farther,  called  Cioga;  but  of  this  latter  the  prefect 
did  not  mark  the  fituation.  Borax  is,  in  the  Hindoo  and  Nepalefe  languages, 
called  Soaga.  If  it  be  not  purified,  it  will  eafily  deliquefce ; and  in  order  to  pre- 
ferve  it  any  time  till  they  have  an  opportunity  of  felling  it,  the  people  often  mix 
it  with  earth  and  butter. 

It  does  not  appear  that  borax  was  known  to  the  ancients,  their  chryfocolla  be- 
ing a very  different  fubftance,  compofed  of  the  ruff;  of  copper,  triturated  with 
urine.  The  word  borax  is  found  for  the  firft  time  in  the  works  of  Geber. 

Borax  is  not  only  found  in  the  Eaft,  but  likewife  in  South  America.  Mf. 
Anthony  Carera  *,  a phyfician  eftablifhed  at  Potofi,  informs  us,  that  this  fait  is 
abundantly  obtained  at  the  mines  of  Riquintipa,  and  thofe  in  the  neighbour- 
hood of  Efcapa,  where  it  is  ufed  by  the  natives  in  the  fufion  of  copper  ores. 

The  purification  of  borax  by  the  Venetians  and  the  Hollanders,  was  for  a long 
time  among  thofe  fecrets  which  the  want  of  a fufficient  fpirit  of  refearch  pre- 
vented from  becoming  general  : chemical  writers  have  been  fatisfied  in  afferting 
that  the  procefles  confifted  of  folution,  filtration,  cryftallization,  and  calcination. 
Chaptal,  however,  informs  us,  from  his  own  extenfive  experience,  that  the  de- 
ftrudtion  of  the  oily  part  of  borax  by  calcination  is  attended  with  confiderable 
lofs.  He  finds,  after  trying  all  the  procefles  in  the  large  way,  that  the  limpleft 
method  confifts  in  boiling  the  borax  ftrongly,  and  for  a long  time,  with  water. 
This  folution  being  filtered  affords  by  evaporation  cryftals,  which  are  fome- 
what  foul,  but  may  be  purified  by  repeating  the  operation. 

Purified  borax  is  white,  tranfparent,  rather  greafy  in  its  fradlure,  affedting  the 
form  of  fix-fided  prifms,  terminating  in  three-fided  or  fix-fided  pyramids.  Its 
taffe  is  ftyptic  ; it  converts  fyrup  of  violets  to  a green,  and,  when  expofed  to  heat, 
it  fwells  up,  boils,  lofes  its  water  of  cryftallization,  and  becomes  converted  into  a 
porous,  white,  opaque  mafs,  commonly  called  Calcined  Borax.  A ftronger  heat 
brings  it  into  a ftate  of  quiet  fufion  : but  the  glally  fubftance  thus  afforded,  which 
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is  transparent,  and  of  a greenifli  yellow  colour,  is  foluble  in  water,  and  efilo- 
refces  in  the  air. 

This  fait  requires  about  eighteen  times  its  weight  of  water  to  diffolve  it  at  the 
temperature  of  fixty  degrees  of  Fahrenheit ; but  water  at  the  boiling  heat  dif- 
folves  three  times  this  quantity.  Borax  is  ufed  as  an  excellent  flux  in  docimaf- 
tic  operations.  It  enters  into  the  compofition  of  reducing  fluxes,  and  is  of  the 
greateft  ufe  in  analyfes  by  the  blow-pipe.  It  may  be  applied  with  advantage  in 
glafs  manufactories;  for  when  the  fufion  turns  out  bad,  a fmallquantity  of  borax 
re-eftablifhes  it.  It  is  more  efpecially  ufed  in  foldering  : it  affifts  the  fufion  of 
the  folder,  caufes  it  to  flow,  and  keeps  the  furface  of  the  metals  in  a foft  or  clean 
ftate,  which  facilitates  the  operation.  It  is  fcarcely  of  any  ufe  in  medicine.  Se- 
dative fait  alone  is  ufed  by  fome  phyficians  ; and  its  name  fufficiently  indicates 
its  fuppofed  effeds. 

Borax  has  the  inconvenience  of  fwelling  up,  and  requires  the  greateft  attention 
on  the  part  of  the  artift  who  ufes  it  in  delicate  works,  more  efpecially  when  de- 
figns  are  to  be  formed  with  gold  of  different  colours.  It  has  been  long  a defide- 
ratum  to  fubflitute  fome  compofition  in  the  room  of  borax,  which  might  poffefs 
its  advantages  without  its  defeds. 

M.  Georgi  has  published  the  following  procefs : — “ Natron,  mixed  with  ma- 
rine fait  and  Glauber’s  fait,  is  to  be  difl'olved  in  lime  water;  and  the  cryftals 
which  feparate  by  the  cooling  of  the  fluid  may  be  fet  apart.  The  lixivium  of 
natron  is  then  to  be  evaporated ; and  this  fait  afterwards  diffolved  in  milk. 
The  evaporation  affords  fcarcely  one-eighth  of  the  natron  employed  ; and  the 
refidue  may  be  applied  to  the  fame  ufes  as  borax.” 

Meffrs.  Struve  and  Exchaquet  have  proved  that  the  combination  of  phofphoric 
acid  and  vegetable  alkali,  fufed  with  a due  proportion  of  phofphorated  lime, 
forms  an  excellent  glafs  for  foldering  metals. 

, BOVEY  COAL.  Xylanthrax.  This  is  of  a brown  or  brownifli  black  co- 
lour, and  lamellar  texture  ; the  lamina  are  frequently  flexible  when  firft  dug, 
though  generally  they  harden  when  expofed  to  the  air.  It  confifts  of  wood  pe- 
netrated with  petrol  or  bitumen,  and  frequently  contains  pyrites,  alum  and  vi- 
triol ; its  afhes  afford  a finall  quantity  of  fixed  alkali,  according  to  the  German 
chemifts  *;  but  according  to  Mr.  Mills  f,  they  contain  none.  By  diftillation  it 
yields  an  ill-fmelling  liquor,  mixed  with  volatile  alkali  and  oil,  part  of  which  is 
foluble  in  fpirits  of  wine,  and  part  infoluble,  being  of  a mineral  nature. 

It  is  found  in  England,  France,  Italy,  Switzerland,  Germany,  Iceland,  &c. 

BRANDY.  This  well-known  fluid  is  the  ardent  fpirit  diftilled  from  wine. 
■The  greateft  quantities  are  made  in  Languedoc,  where  this  manufacture,  upon 
the  whole  fo  pernicious  to  fociety,  firft  commenced.  It  is  obtained  by  diftilla- 
tion in  the  ufual  method,  by  a ftill,  which  contains  five  or  fix  quintals  of  wine,  and 
has  a capital  and  worm  tub  applied.  Its  peculiar  flavour  depends,  no  doubt,  on 
the  nature  of  the  volatile  principles,  or  effential  oil,  which  come  over  along  with 
it,  and  likewife,  in  fomemeafure,  upon  the  management  of  the  fire,  the  wood  of 
the  calk  in  which  it  is  kept,  &c.  It  is  laid,  that  our  rectifiers  imitate  the  flavour 
of  brandy,  by  adding  a fmall  proportion  of  nitrous  acid  to  the  fpirit  of  malt  or 
melaffes.  See  Spirit  of  Wine. 

BRASS.  An  elegant  yellow-coloured  compound  metal,  confiding  of  cop- 


2 Gerb.  Beytr.  271. 


f Phil.  Tranf.  1760. 
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per  combined  with  about  one-third  of  its  weight  of  zinc.  The  beft  brafs  is  made 
by  cementation  of  calamine,  or  the  ore  of  zinc,  with  granulated  copper.  See 
Copper. 

BRASSICA  RUBRA.  Mr.  Watt  finds  that  the  red  cabbage  affords  a very 
excellent  teft,  both  for  acids  and  alkalis  ; in  which  it  is  fuperior  to  litmus,  being 
naturally  blue,  turning  green  with  alkalis,  and  red  with  acids  ; befides  which  it 
poffeffes  the  advantage  of  not  being  affefted  by  the  fuming  nitrous  acid,  any  fur- 
ther than  as  it  a£ts  as  a real  acid.  The  management  of  the  leaves  to  procure  this 
teft,  is  as  follows,  in  the  words  of  the  author  *: 

“ To  extradt  the  colouring  matter,  takethofe  leaves  of  the  cabbage  which  are 
frefheft,  and  havemofl  colour ; cut  out  the  larger  ftems,  and  mince  the  thin  parts 
of  the  leaves  very  fmall ; then  digeft  themin  water  of  about  the  heat  of  one  hun- 
dred and  twenty  degrees  for  a few  hours,  and  they  will  yield  a blue  liquor,  which, 
if  ufed  immediately  as  a teft,  will  be  found  to  poffefs  great  fenfibility.  But  as 
this  liquor  is  very  apt  to  turn  acid  and  putrid,  and  to  lofe  its  fenfibility  when  it  is 
wanted  to  be  preferved  for  future  ufe,  the  following  precedes  fucceed  the  beft' : 

1 . After  having  minced  the  leaves,  fpread  them  on  paper,  and  dry  them  in  a 
gentle  heat ; when  perfectly  dry,  put  them  up  in  glafs  bottles  well  corked  ; and 
when  you  want  to  ufe  them,  acidulate  fome  water  with  vitriolic  acid,  and  digeft 
or  infufe  the  dry  leaves  in  it  until  they  give  out  their  colour  ; then  (train  the  li- 
quor through  a cloth,  and  add  to  it  a quantity  of  fine  whiting  or  chalk,  ftirring 
it  frequently  until  it  becomes  of  a true  blue  colour,  neither  inclining  to  green  nor 
purple  : as  foon  as  you  perceive  that  it  has  acquired  this  colour,  filter  it  imme- 
diately, otherwife  it  will  become  greenifh  by  longer  (landing  on  the  whiting. 

This  liquor  will  depofit  a fmall  quantity  of  gypfum,  and  by  the  addition  of  a 
little  fpirit  of  wine  will  keep  good  for  fome  days,  after  which  it  will  become  a little 
putrid  and  reddifh.  If  too  much  fpirit  is  added,  it  deftroys  the  colour.  If  the  * 
liquor  is  wanted  to  be  kept  longer,  it  may  be  neutralized  by  means  of  a fixed 
alkali  inftead  of  chalk. 

a.  But  as  none  of  thefe  means  will  preferve  the  liquor  long,  without  requiring 
to  be  neutralized  afrefh,  juft  before  it  is  ufed  ; and  as  the  putrid  and  acid  fermen- 
tation which  it  undergoes,  and  perhaps  the  alkalis  or  fpint^f  wine  mixed  with  it, 
feem  to  leffen  its  fenfibility  ; in  order  to  preferve  its  virtues  while  it  is  kept  in  a 
liquid  (late,  fome  frefli  leaves  of  the  cabbage,  minced  as  has  been  directed,  may  be 
infufed  in  a mixture  of  vitriolic  acid  and  water,  of  about  the  degree  of  the  acidity 
of  vinegar  : and  it  may  be  neutralized,  as  it  is  wanted,  either  by  means  of  chalk, 
or  of  the  fixed  or  volatile  alkali.  But  it  is  neceffary  to  obferve,  that  if  the  liquor 
has  an  excefs  of  alkali,  it  will  foon  lofe  its  colour,  and  become  yellow,  from  which 
(late  it  cannot  be  reftored  ; therefore  care  (hould  be  taken  to  bring  it  very  exadtly 
to  a blue,  and  not  to  let  it  verge  towards  a green  -j~. 

By  the  fame  procefs  I have  made  a red  infufion  of  violets,  which,  on  being  neu- 
tralized, forms  at  prefent  a very  fenfible  teft  : but  how  long  it  will  preferve  its 
properties  I have  not  yet  determined.  Probably  the  coloured  infufions  of  other 

* Phil.  Tranf.  vol  Ixxiv. 

f Since  writing  the  above,  I have  found  that  the  infufions  of  red  cabbages  and  of  various  flowers  in 
water,  acidulated  by  means  of  vitriolic  acid,  are  apt  to  turn  mouldy  in  the  fummer  feafon,  and  alfo,  that 
the  moulding  is  prevented  by  the  addition  of  fpirits  of  wine.  The  quantity  of  fpirit  which  is  neceffary 
for  this  purpofe,  I have  not  been  able  to  afcertain  j but  I add  it  by  a little  at  a time,  until  the  progrefs 
of  the  moulding  is  prevented.  Watt. 
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flowers  may  be  preferved  in  the  fame  manner, -by  the  antifeptic  power  of  the  vi- 
triolic acid,  fo  as  to  lofe  little  of  their  original  fenfibility.  Paper  freflh  ftained 
with  thefe  tefts  in  their  neutral  fcate,  has  fufficient  fenfibility  for  many  experi- 
ments : but  the  alum  and  glue  which  enter  into  the  preparation  of  writing  paper, 
feem  in  fome  degree  to  fix  the  colour ; and  paper  which  is  not  fized  becomes 
fomewhat  tranfparent  when  wetted,  which  renders  fmall  changes  of  colour  im- 
perceptible; fo  that,  where  accuracy  is  required,  the  teft  fhould  be  ufed  in  a liquid 
ftate 

BRAZIL  WOOD.  This  wood  is  of  the  growth  of  the  Brazils  in  South, 
America,  and  alfo  of  the  Ifle  of  France,  Japan,  and  elfewhere.  It  is  chiefly  ufed 
in  the  proceffes  of  dying.  This  wood  is  confiderably  hard,  is  capable  of  a good 
polifh,  and  is  fo  heavy,  that  it  finks  in  water.  Its  colour  is  pale  when  newly  cut, 
but  it  becomes  deeper  by  expofure  to  the  air.  The  various  fpecimens  differ  in 
the  intenfity  of  their  colour  ; but  the  heavieft  is  reckoned  the  moft  valuable.  It 
has  a fweetifh  tafte  when  chewed,  and  is  diftinguifhed  from  red  fanders,  orfandal, 
by  its  property  of  giving  out  its  colour  with  water,  which  this  laftdoes  not. 

If  the  Brazil  wood  be  boiled  in  water  for  a fufficient  time,  it  communicates  a 
fine  red  colour  to  that  fluid.  The  refidue  is  very  dark  coloured,  and  gives  out  a 
confiderable  portion  of  colouring  matter  to  a folution  of  alkali.  Ardent  fpirit 
extracts  the  colour  from  Brazil  wood,  as  does  likewife  the  volatile  alkali  ; and 
both  thefe  are  deeper  than  the  aqueous  folution.  The  fpirituous  tindlure,  accord- 
ing to  Dufay,  ftains  warm  marble  of  a purplilh  red,  which  on  increafing  the  heat 
becomes  violet ; and  if  the  ftained  marble  be  covered  with  wax,  and  confiderably 
heated,  it  changes  through  all  the  fhades  of  brown,  and  at  laft  becomes  fixed  of 
a chocolate  colour. 

The  recent  decodtion  of  Brazil  wood,  according  to  Berthollet  f,  affords,  by  the 
addition  of  vitriolic  acid,  a precipitate,  fmall  in  quantity,  and  of  a red  colour  in- 
clining to  yellow  ; the  liquor  remaining  tranfparent,  and  of  a yellow  colour. 
The  nitrous  acid  firft  converts  the  tincture  to  a yellow;  but  if|the  quantity  of 
acid  be  increafed,  the  liquor  affumesa  deep  orange  yellow,  and  becomes  tranfpa- 
rent, after  depofiting  a precipitate  of  the  fame  colour  nearly  as  the  foregoing,  but 
more  abundant.  The  muriatic  acid  has  the  fame  effect  as  the  vitriolic.  The 
faccharine  or  oxalic  acid  affords  an  orange  red,  or  almoft  ruddy  precipitate,  nearly 
as  abundant  as  that  thrown  down  by  the  nitrous  acid,  and  the  liquor  remains  tranf- 
parent and  yellow.  Diftilled  vinegar  affords  a very  fparing  precipitate  of  the 
fame  colour;  the  fluid  continuing  tranfparent,  but  rather  of  a deeper  orange.  Tartar 
affords  (till  lefs  precipitate;  and  the  remaining  liquor  is  turbid  and  more  reddifh 
than  the  laft.  Fixed  alkali  converts  the  colour  of  the  decodtion  to  a crimfonor 
deep  violet,  inclining  to  brown,  and  affords  a precipitate  of  the  fame  colour, 
thoi  ;h  very  fmall  in  quantity.  Volatile  alkali  affords  a brighter  violet  or  purple, 
and  a little  precipitate  of  a fine  purple.  Alum  throws  down  a red  precipitate  in- 
clining to  crimfon,  which  is  abundant  and  fubfides  very  flowly  ; while  the  fuper- 
natant  fluid  preferves  its  fine  red  colour,  like  that  of  the  recent  decodtion : this  li- 
quor affords  another  abundant  precipitate,  if  the  acid  of  the  alum  be  faturated 
with  an  alkali.  In  this  manner;  is  prepared  a kind  of  carmine,  inferior  in  beauty 

* I have  found  that  the  petals  of  the  fcarlet  rofe,  and  thofe  of  the  pink-coloured  lychnis,  treated  in 
this  manner,  afford  very  fenfible  tefls.  Watt. 

-j-  In  his  Elemens  de  l’Art  de  la  Teinture,  from  which  the  prefent  article  is  chiefly  extra&ed.  Dr. 
Hamilton  promifes  a tranflation  of  this  excellent  work. 
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to  the  common  carmine,  and  likewife  a liquid  lake  for  miniature  painters.  Alum 
and  tartar  together  afford  a brownifh  red  precipitate  in  fmall  quantity,  while  the 
fluid  remains  of  a bright  orange  red.  Vitriol  of  iron  gives  the  tindlure  a black 
colour,  inclining  to  violet,  at  the  fame  time  that  an  abundant  precipitate  of  the 
fame  colour  falls  down.  Vitriol  of  copper  likewife  affords  a plentiful  brown  pre- 
cipitate, and  converts  the  fluid  to  a tranfparent  brownifh  red.  Vitriol  of  zinc 
throws  down  a fparing  brown  precipitate,  leaving  the  fluid  of  an  amber 
colour.  Solution  of  fugar  of  lead  affords  a precipitate  of  deep  red,  of  confiderable 
beauty,  and  the  liquor  becomes  of  an  orange  red.  The  folution  of  tin  in  aqua 
regia  occafions  an  abundant  precipitate  of  a fine  rofe  colour,  and  the  fluid  re- 
mains clear  and  quite  colourlefs.  Laftly,  corrofive  fublimate  occafions  a flight 
brown  precipitate ; the  liquor  remaining  tranfparent,  and  of  a fine  yellow  colour. 

The  Journal  de  Phyfique  for  February  1785  contains  fome  curious  experi- 
ments refpedling  the  aftion  of  acids  upon  the  colour  of  Brazil  wood.  If  the 
aqueous  tindlure  of  this  wood  be  firfh  rendered  yellow  by  means  of  tartar  and 
the  acetous  acid,  and  the  folution  of  tin  in  aqua  regia  be  then  poured  in,  a very 
abundant  rofe-coloured  precipitate  is  obtained  : if  to  the  folution  rendered  yellow 
by  an  acid  there  be  added  a greater  quantity  of  the  fame  or  a ftronger  acid,  the 
red  colour  is  reftored  ; the  vitriolic  acid  is  beft  adapted  to  this  effe<ft.  Several  falts 
likewife  caufe  the  red  colour  of  Brazil  wood  to  appear  again  after  it  has  been 
deftroyed  by  the  action  of  acids. 

It  has  been  obferved  that  the  recent  decotft ion  of  Brazil  wood  is  lefs  proper  for 
dying  than  that  which  is  older,  or  even  fermented  ; it  aflumes  a yellowifh  red 
colour  by  age.  Hellot  recommends  the  hardeft  waters  for  making  this  decoftion  ; 
but  it  muft  be  obferved  that  fuch  waters  deepen  the  colour,  by  virtue  of  the  earthy 
falts  they  contain.  After  boiling  the  chips  of  this  wood  for  three  hours,  this  firft  de- 
codtion  is  put  into  a cafk.  More  water  is  then  added  to  the  wood,  which  is  boiled 
for  a fecond  three  hours,  and  the  decodtion  added  to  the  foregoing.  In  this,  as  in 
all  decodlions  of  colouring  wood,  the  wood  is  kept  in  a bag  of  porous  cloth. 

Wool  plunged  in  the  decodtion  of  Brazil  wood  acquires  a weak  colour,  which 
foon  goes  off.  It  therefore  requires  a preparation  to  render  the  dye  permanent. 

The  wool  muft  be  boiled  in  a folution  of  alum,  to  which  one  fourth  or  even  a 
lefs  quantity  of  tartar  has  been  added.  A larger  proportion  of  tartar  would  render 
the  colour  deeper.  The  impregnated  wool  is  kept  at  leaft  eight  days  in  a cool 
place  j after  which  it  is  dyed  in  the  decodlion  of  Brazil  wood  by  a gentle  boiling. 
As  the  colouring  matter  firft  depofited  affords  an  inferior  dye,  it  is  proper  to  dip 
a coarfer  fluff  firft.  In  this  way  a lively  red  dye  is  obtained,  which  refills  the  air 
very  well. 

If  the  red  colour  of  Brazil  wood  be  deftroyed  by  an  acid,  it  communicates  a 
very  durable  fawn  colour  to  woollen  fluffs. 

M.  Poerner  prepares  the  fluff  by  boiling  it  in  a folution  of  tin,  alum,  and  a little 
tartar  ; and  he  makes  his  bath  with  the  Brazil  wood,  and  a confiderable  propor- 
tion of  alum.  In  the  refidue  of  this  bath  he  dips  another  piece  which  has  re- 
ceived the  fame  preparation.  The  firft  piece  receives  a fine  brick  colour,  and 
the  fecond  a dye  approaching  to  fcarlet  *.  The  fhades  may  be  greatly  varied  by 
altering  the  proportion  of  the  ingredients. 

By  thefe  means  the  dyes  obtained  from  Brazil  wood  may  be  rendered  confider- 
ably  folid  j but  by  no  means  comparable  in  this  refpedt  to  thofe  afforded  by 

* Inftruftion  fur  l’Art  de  Teinture. 
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cochineal  or  madder.  The  dye  afforded  by  this  laft  fubftance  is  fometimes 
rendered  brighter,  by  paffing  the  dyed  fluff  through  a decodtion  of  Brazil  j but 
the  effect  foon  goes  off. 

M.  Guhliche  defcribes  a procefs,  which,  as  he  affirms,  is  capable  of  affording 
more  beautiful  and  more  durable  colours  than  thofe  before  ufed  : he  diredts,  that 
vinegar,  or  the  * aceto- citric  acid,  or  aqua  regia,  be  poured  upon  the  Brazil  wood, 
reduced  into  powder,  or  thin  lhavings  or  chips,  until  it  be  covered  to  a certain 
depth.  This  mixture  mud  be  well  agitated,  then  left  at  reft  for  twenty-four 
hours,  and  laftly  decanted,  filtered,  and  preferved  for  ufe.  A vegetable  acid,  or 
fimple  water,  is  poured  on  the  refidue,  and  left  to  repofe  for  a day  or  two,  after 
which  it  is  filtered  ; and  in  this  manner  the  procefs  is  continued  until  no  more 
colour  is  given  out ; the  wood  is  then  black  : the  feveral  liquors  are  to  be  mixed 
together. 

The  fluff  is  prepared  by  a weak  galling  with  fumach,  or  the  white  nut  gall : 
after  this  it  is  flightly  alumed,  fimply  rinfed  and  immerfed  wet  with  the  following 
bath  : 

The  acid  folution  of  Brazil  wood  is  taken  and  diluted  with  a certain  quantity 
of  water,  depending  on  the  quantity  of  goods,  and  the  intenfity  of  the  colour  in- 
tended to  be  produced.  It  is  then  heated  to  fuch  a degree  that  the  hand  may  be 
held  in  it ; folution  of  tin  is  then  poured  in  until  it  has  acquired  a fine  colour ; the 
bath  being  then  agitated,  the  fluff  is  to  be  plunged  in  and  kept  immerfed  for  half 
an  hour,  after  which  time  it  is  to  be  taken  out  and  wafhed.  The  remaining  bath 
will  ferve  for  weaker  fhades,  and  the  fluff  rauft  not  be  galled  for  thefe  light 
tinges. 

Brazil  wood  is  ufed  for  dying  filk  of  a crimfon  colour.  This  is  called  the  falfe 
dye,  to  diftinguifh  it  from  the  crimfon  obtained  by  cochineal,  which  is  much 
more  durable. 

The  filk  muft  be  boiled  with  twenty  pounds  of  foap  for  every  hundred  of  filk, 
and  afterwards  alumed.  The  aluming  need  not  be  fo  ftrong  as  for  the  fine  crimfon. 
It  is  then  wafhed  in  a running  ftream,  and  immerfed  into  a bath,  more  or  lefs 
charged  with  the  decodtion  of  Brazil  wood,  according  to  the  intended  fhade  of 
colour.  When  water  containing  no  earthy  fait  has  been  made  ufe  of,  the  colour 
is  too  red  to  imitate  crimfon.  This  quality  however  is  given  to  the  water  by 
paffing  the  filk  through  a flight  alkaline  folution,  or  by  adding  a little  alkali  to  the 
bath.  It  might  likewife  be  wafhed  in  hard  water  till  it  had  obtained  the  required 
fhade. 

To  make  a deeper  crimfon  of  the  falfe  or  red  brown  kind,  the  decodtion  of 
logwood  is  added  to  the  bath  of  Brazil  wood,  after  the  filk  is  impregnated.  A 

* This  acid,  fo  called  by  M.  Berthollet,  but  diftinguifhed  by  M.  Guhliche  by  the  name  of  the 
vegetable  acid  fpirit,  is  much  ufed  by  this  laft  chemift  in  his  dying  procefies,  and  is  prepared  as  follows : 

He  takes  lemons,  not  rejecting  even  thofe  whofe  Ikiri  is  quite  rotten;  pares  them,  dices  them  into 
an  earthen  or  metallic  (but  not  a wooden)  veflel  ; fprinkles  them  with  good  vinegar,  of  the  ftrength 
which  he  judges  to  be  equal  to  that  of  lemon-juice  ; expreffes  the  juice  from  the  lemons,  expofed  to  the 
aftion  of  a prefs  in  a flannel  bag  ; and  laftly  filters  it  through  paper.  In  this  ftate  the  liquor  may  be 
employed  with  fuccefs ; but  it  has  the  inconvenience  of  becoming  mouldy,  and  is  aqueous.  To  remedy 
thefe  defefcs,  he  recommends  it  to  be  purified  and  concentrated  as  follows  : The  liquor  is  left  expofed 
to  the  fun  until  it  has  become  clear  and  depofited  a fediment.  It  is  then  filtered  and  diftilled  on  a 
fand  bath.  As  foon  as  the  drops  which  come  over  are  perceived  to  be  acid,  the  receiver  is  changed, 
and  the  diftillation  is  continued  until  oiiy  ftris  are  perceived  in  the  neck  of  the  retort.  The  acid  which 
is  thus  obtained  muft  be  preferved  for  ufe. 
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fmall  quantity  of  alkali  is  likewife  added,  according  to  the  fhade  intended  to  be 
produced. 

To  imitate  the  wild  poppy,  or  fiery  red,  the  filk  mud  firft  receive  a ground  of 
rocou  (better  known  in  England  by  the  name  of  Annotto,  which  fee),  even 
deeper  than  when  the  dye  with  carthaucus  is  intended  ; after  which  it  is  wafhed, 
alumed,  and  dyed  with  the  deco&ion  of  Brazil  wood,  to  which  a little  foap  water 
is  ufually  added. 

The  folution  of  tin  cannot,  as  M.  Berthollet  obferves,  be  employed  with  the 
decodtion  of  Brazil  wood,  for  dying  filk  in  the  fame  manner  as  with  cochineal,- 
becaufe  the  colouring  particles  are  too  quickly  feparated  to  be  able  to  fix  them- 
felves  on  the  filk,  which  has  not  foflrong  an  attraction  for  them  as  wool  has.  But, 
as  Bergman  remarks,  in  his  notes  upon  Scheffer’s  Effay  on  the  Art  of  Dying,  it  is 
pofiible  to  make  great  improvement  in  the  colours  afforded  by  the  dying  woods, 
by  macerating  the  filk  in  a cold  folution  of  tin.  A ftrong  decoCtion  of  Brazil  wood 
gives  to  yellow  filk  a fcarlet  colour,  inferior  indeed  to  that  of  cochineal,  but  much 
more  lively  and  folid  than  is  had  by  mere  maceration  in  alum,  and  capable  of  re- 
filling the  proof  of  vinegar,  like  the  fine  crimfon  and  poppy  colours.  Inflead  of 
ufing  the  raw  filk,  it  is  requifite  to  give  a yellow  ground  to  boiled  filk,  or  to  mix 
a yellow  fubflance  with  the  decoCtion  of  Brazil  wood.  Several  manufacturers 
have  lately  bulled  themfelves  with  this  procefs,  and  have  produced  a variety  of 
effeCls,  by  applying  it  to  different  colouring  matters,  which  afford  colours  of  very 
little  folidity,  whether  they  be  employed  alone,  or  in  forming  different  mixtures. 

M.  Guhliche  neverthelefs  defcribes  a procefs,  in  which  he  makes  an  immediate 
ufe  of  the  folution  of  tin,  to  give  a fire  colour  to  filk.  He  direCts  that  it  fhould 
be  galled  by  a folution  of  nut  galls  in  white  wine.  He  affirms  that  this  folution 
preferves  much  more  of  that  brilliancy,  fo  much  in  requefl  in  the  colour  of  filk, 
than  the  folution  made  in  water.  He  adds  fuch  a quantity  of  this  folution  to 
water  as  may  give  the  whole  a yellow  colour ; with  this  he  carefully  impregnates 
the  filk,  leaving  it  in  the  cold  for  twelve  hours,  after  which  he  expreffes  the  liquor 
very  well,  but  without  the  aClion  of  wafhing.  The  filk  being  then  dried  is  fleeped  in 
a folution  of  alum,  in  the  proportion  of  four  ounces  of  alum  for  every  pound  of 
the  filk,  where  it  remains  for  twelve  hours.  He  then  prelfes  out  the  acid,  and  im- 
merfes  the  filk,  wet  as  it  is,  into  a bath  prepared  in  the  way  already  defcribed,  after 
having  added  an  ounce  of  the  folution  of  tin.  The  remaining  force  of  the  bath  may 
be  exhaufted  for  lighter  (hades.  If  the  fire  colour  be  required  more  inclining  to 
orange,  he  does  not  gall  the  filk,  but  alums  it  in  a cold  folution  of  two  ounces  of 
alum,  of  the  ftrength  of  two  ounces  of  the  fait  for  every  pound  of  the  filk  ; after 
which  he  dyes  it  of  an  orange  colour  with  annotto,  without  boiling,  and  plunges 
it  ftill  wet  into  the  before-mentioned  bath  of  Brazil  wood.  The  author  confefies, 
that  thefe  colours,  more  efpecially  the  laft,  do  not  poffefs  much  folidity.  For 
rofe  colours  he  omits  the  galling,  and  ufes  no  more  than  two  ounces  of  alum.  For 
light  fhades  he  recommends  to  decant  the  folution  of  alum  from  the  depofition  it 
may  have  made;  and  he  prefers  dying  without  heat,  by  employing  a bath  more 
highly  charged  with  colour,  out  of  which  the  filk  may  be  taken  when  it  has  re- 
ceived the  intended  (hade,  and  which  may  be  afterwards  exhaufted  in  producing 
other  fhades.  He  affirms  that,  by  the  affiftance  of  thefe  precautions,  beautiful 
(hades  may  be  obtained  of  fufficient  folidity. 

M.  Poerner  has  made  a great  number  of  effays  on  the  methods  which  may 
be  ufed  to  dye  cotton  by  means  of  Brazil  wood,  with  different  mordants,  fuch  as 
alum,  the  folution  of  tin,  fal  ammoniac,  alkali,  &c.  either  in  the  bath  or  in  the  pre- 
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paration  of  the  fluff;  but  he  could  not  produce  colours  capable  of  refilling  the 
adion  of  foap,  though  feveral  among  them  withftood  the  adion  of  the  air,  and 
wafhing  in  water.  He  advifes  that  the  cottons  dyed  with  thefe  colours  fhould  be 
dried  in  the  fhade. 

The  following  procefs,  ufed  in  fome  manufadories  for  dying  cotton  of  a crim- 
fon  colour,  was  communicated  to  M.  Berthollet  by  Mr.  Brown. 

A folution-of  tin  is  made  in  thefe  proportions  of  the  ingredients  : nitrous  acid 
two  pounds, muriatic  acid  one  pound,  tin  eight  ounces,  water  one  pound : the  fluids 
are  to  be  mixed,  and  the  tin  diflfolved  in  the  mixture  by  adding  a little  at  a time. 

For  a piece  of  cotton  velvet,  weighing  fifteen  or  fixteen  pounds,  the  operation 
is  begun  by  preparing  a bath  compofed  of  four  parts  boiling  water,  and  two  parts 
of  a ftrong  decodion  of  nut-galls.  The  bath  is  then  flirred  with  the  rake,  the  piece 
plunged  in  it  worked  for  half  an  hour,  left  immerfed  for  two  hours,  and  after- 
wards taken  out  and  drained.  Another  bath  is  alfo  prepared  with  three  parts  of 
boiling  water,  and  one  of  the  decodion  of  Brazil  wood  likewife  boiling ; this  is 
raked,  and  the  piece  worked  in  it  for  half  an  hour.  The  liquor  is  then  thrown 
out,  and  the  vat  filled  with  a decodion  of  Brazil  wood,  unmixed  and  boiling.  In 
this  the  piece  is.  worked  for  half  an  hour,  and  then  lifted  out  on  a crofs.  A bath 
of  very  clear  river  water  is  then  prepared,  in  which  a pint  of  folution  of  tin  is 
poured  ; and  when  the  bath  has  been  well  raked,  and  the  piece  worked  for  half  an 
hour,  it  is  taken  out  on  the  crofs,  and  carried  to  the  bath  of  the  decodion  of 
Brazil  wood,  out  of  which  one  fixth  part  of  the  whole  has  been  taken,  and  re- 
placed with  an  equal  quantity  of  the  boiling  decodion.  In  this  bath  the  piece  is 
worked  for  half  an  hour,  then  raifed  on  the  crofs,  and  returned  to  the  bath,  which 
contains  the  folution  of  tin.  Thefe  alternate  operations  are  repeated  fix  or  eight 
times  ; taking  care  every  time  to  take  out  one  fixth  of  the  bath  of  the  Brazil  or 
Fernambouc  wood,  and  to  replace  it  with  an  equal  quantity  of  the  boiling  de- 
codion of  the  fame  wood,  to  rake  or  ftir  the  bath  of  the  compofition  every  time, 
and  to  finifh  the  dye  by  the  piece  remaining  in  the  latter  bath.  The  piece  is  laft 
of  all  to  be  wafhed  in  plenty  of  water,  or  a ftream,  and  it  muft  be  dried  in  a place 
inacceflible  to  the  light. 

The  colouring  particles  of  Brazil  wood  are  eafily  affeded  and  rendered  yellow 
by  acids,  after  which  change  they  become  folid  colours.  But  what  diftinguifhes 
them  from  madder  and  kermes,  and  indicates  a refemblance  to  cochineal,  is  that 
they  appear  again  in  their  original  colour,  when  precipitated  with  alum,  or  the 
calx  of  tin.  Thefe  two  combinations  appear  the  moll  proper  to  render  the  colour 
durable.  It  is  neceffary,  therefore,  to  enquire  after  and  afcertain  the  circumftances 
mod  proper  to  favour  their  combinations,  according  to  the  nature  of  the  fluff. 

The  aftringent  principle  likewife  appears  to  contribute  to  the  folidity  of  the 
colouring  parts  of  Brazil  wood  : but  this  galling  renders  the  colour  deeper,  and 
cannot  be  ufed  for  light  fhades. 

The  colouring  parts  of  Brazil  wood  are  very  fenfible  to  theadionof  alkalis,  which 
give  them  a purple  tinge  ; and  there  are  many  precedes  in  which  fixed  or  vola- 
tile alkalis  are  ufed  to  form  violets  and  purples : but  the  colours,  though  obtained 
with  eafe  in  various  fhades  by  this  method,  are  perifhable,  and  poflefs  only  a 
tranfient  brightnefs.  Alkalis  do  not  appear  to  injure  the  colours  afforded  by 
madder,  but  they  haften  the  deflrudion  of  rnoft  other  colours. 

It  is  ufual  in  England  to  rafp  or  pulverize  the  dying  woods  in  mills  appro- 
priated to  that  purpofe.  They  are  commonly  kept  moiftened  with  urine ; and 
when  urine  has  not  been  ufed,  a frnall  quantity  of  alkali  is  added  at  the  time  of 
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boiling.  This  method  of  proceeding,  as  M.  Berthollet  obferves,  is  very  advan- 
tageous ; but  the  ufe  of  putrefied  urine,  or  alkali,  tends  to  deepen  the  colour,  to 
render  it  lefs  permanent,  and  may,  on  various  occafions,  be  contrary  to  the  nature 
of  the  proceffes  intended  to  afford  certain  effedts. 

BREAD.  I am  not  acquainted  with  any  fet  of  experiments  regularly  infti- 
tuted  and  carried  into  effedt,  for  afeertaining  what  happens  in  the  preparation  of 
bread.  Farinaceous  vegetables  are  converted  into  meal  by  trituration,  or  grind- 
ing in  a mill ; and  when  the  hulk  or  bran  has  been  feparated  by  fifting  or  bolt- 
ing, the  powder  is  called  flour.  This  is  compofed  of  a finall  quantity  of  muci- 
laginous faccharine  matter,  foluble  in  cold  water,  much  flarch,  which  is  fcarcely 
foluble  in  cold  water,  but  combines  with  that  fluid  by  heat,  and  an  adhefive  grey 
fubftance  infoluble  in  water,  ardent  fpirit,  oil,  or  ether,  and  refembling  an  animal 
fubftancein  many.ofits  properties.  &<?Farina, Starch, Gluten  Vegetable, 
Mucilage. 

When  flour  is  kneaded  together  with  water,  it  forms  a tough  pafte,  contain- 
ing thefe  principles  very  little  altered,  and  not  eafily  digefted  by  the  ftomach. 
The  adtion  of  heat  produces  a confiderable  change  in  the  gluten,  and  pro- 
bably in  the  flarch,  rendering  the  compound  more  eafy  to  mafticate,  as  well  as 
to  digeft.  Hence  the  firft  approaches  towards  the  making  of  bread  confifted  in 
parching  the  corn,  either  for  immediate  ufe  as  food,  or  previous  to  its  trituration, 
into  meal  ; or  elfe  in  baking  the  flour  into  unleavened  bread,  or  boiling  it  into 
maffes  more  or  lefs  confiftent  j of  all  which  we  have  fufficient  indications  in  the 
liiftories  of  the  earlier  nations,  as  well  as  in  the  various  pradtices  of  the  moderns. 
It  appears  likewife  from  the  Scriptures,  that  the  pradlice  of  making  leavened  bread 
is  of  very  confiderable  antiquity ; but  the  addition  of  yeaft,  or  the  vinous  ferment, 
now  fo  generally  ufed,  feems  to  be  of  modern  date. 

Unleavened  bread  in  the  form  of  fmall  cakes,  or  bifeuit,  is  made  for  the  ufe 
of  fhipping  in  large  quantities ; but  moft  of  the  bread  ufed  on  fhore  is  made  to 
undergo,  previous  to  baking,  a kind  of  ferment,  which  appears  to  be  of  the  fame 
nature  as  the  fermentation  of  faccharine  fubftances ; but  is  checked  and  modified 
by  fo  many  circumftances  as  to  render  it  not  a little  difficult  to  fpeak  with  cer- 
tainty and  precifion  refpedting  it. 

When  dough  or  pafte  is  left  to  undergo  a fpontaneous  decompofition  in  an 
open  veflel,  the  various  parts  of  the  mafs  are  differently  affedted,  according  to  the 
humidity,  the  thicknefs,  or  thinnefs  of  the  part,  the  vicinity  or  remotenefs  of  fire, 
and  other  circumftances  lefs  eafily  inveftigated.  The  faccharine  part  is  difpofed 
to  become  converted  into  ardent  fpirit,  the  mucilage  has  a tendency  to  become 
four  and  mouldy,  while  the  gluten  in  all  probability  verges  toward  the  putrid 
ftate.  An  entire  change  in  the  chemical  attractions  of  the  feveral  component 
parts  muft  then  take  place  in  a progreffive  manner,  not  altogether  the  fame  in 
the  internal  and  more  humid  parts  as  in  the  external  parts,  which  not  only  be- 
come dry  by  fimple  evaporation,  but  are  adted  upon  by  the  furrounding  air. 
The  outfide  may  therefore  become  mouldy  or  putrid,  while  the  inner  part  may  be 
only  advanced  to  an  acid  ftate.  Occafional  admixture  of  the  mafs  would  of 
courfe  not  only  produce  fome  change  in  the  rapidity  of  this  alteration,  but  like- 
wife render  it  more  uniform  throughout  the  whole.  The  effedt  of  this  commen- 
cing fermentation  is  found  to  be,  that  the  mafs  is  rendered  more  digeftible  and 
light ; by  which  laft  expreffion  it  is  underftood,  that  it  is  rendered  much  more 
porous  by  the  difengagement  of  elaftic  fluid, that feparates its  parts  from  each  other, 
and  greatly  increafes  its  bulk.  The  operation  of  baking  puts  a flop  to  this  pro- 
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cefs,  by  evaporating  great  part  of  the  moifture  which  is  requifite  to  favour  the 
chemical  attraction,  and  probably  alfo  by  {till  farther  changing  the  nature  of  the 
component  parts.  It  is  then  bread. 

Bread  made  according  to  the  preceding  method  will  not  pofiefs  the  unifor- 
mity which  is  requifite ; becaufe  fome  parts  may  be  mouldy,  while  others  are  not 
yet  fufficiently  changed  from  the  ftate  of  dough.  The  fame  means  are  ufed  in 
this  cafe  as  have  been  found  effectual  in  promoting  the  uniform  fermentation  of 
large  maffes.  This  confifts  in  the  ufe  of  a leaven  or  ferment,  which  is  a fmall 
portion  of  fome  matter  of  the  fame  kind,  but  in  a more  advanced  flage  of  the 
fermentation.  After  the  leaven  has  been  well  incorporated  by  kneading  into  frefh 
dough,  it  not  only  brings  on  the  fermentation  with  greater  fpeed,  but  caufes  it  to 
take  place  in  the  whole  of  the  mafs  at  the  fame  time  : and  as  foon  as  the  dough 
has  by  this  means  acquired  a due  increafe  of  bulk  from  the  fixed  air,  which  en- 
deavours to  efcape,  it  is  judged  to  be  fufficiently  fermented,  and  ready  for  the 
oven. 

The  fermentation,  by  means  of  leaven  or  four  dough,  is  thought  to  be  of  the 
acetous  kind,  becaufe  it  is  generally  fo  managed  that  the  bread  has  a four  flavour 
and  tafte.  But  it  has  not  been  afcertained  that  this  acidity  proceeds  from  true 
vinegar.  Bread  raifed  by  leaven  is  ufually  made  of  a mixture  of  wheat  and  rye,  not 
very  accurately  cleared  of  the  bran.  It  is  diftinguifhed  by  the  name  of  brown  bread; 
and  the  mixture  of  thefe  two  kinds  of  grain  is  called  bread-corn  in  many  parts 
of  the  kingdom,  where  it  is  raifed  on  one  and  the  fame  piece  of  ground,  and 
pafles  through  all  the  procefles  of  reaping,  threfhing,  grinding,  &c.  in  this 
mixed  ftate. 

Yeaft  or  barm  is  ufed  as  the  ferment  for  the  finer  kinds  of  bread.  This  is  the 
mucilaginous  froth  which  rifes  to  the  furface  of  beer  in  its  firft  ftage  of  fer- 
mentation. When  it  is  mixed  with  dough,  it  produces  a much  more  fpe'edy  and 
effectual  fermentation  than  that  obtained  by  leaven,  and  the  bread  is  accordingly 
much  lighter,  and  fcarcely  ever  four.  The  fermentation  by  yeaft  feems  to  be 
almoft  certainly  of  the  vinous  or  fpirituous  kind. 

Bread  is  much  more  uniformly  mifcible  with  water  than  dough,  and  on  this 
circumftance  its  good  qualities  moft  probably  do  in  a great  meafure  depend. 

A very  great  number  of  procefles  are  ufed  by  cooks,  confeitioners,  and  others, 
to  make  cakes,  puddings,  and  other  kinds  of  bread  in  which  different  qualities 
are  required.  Some  cakes  are  rendered  brittle,  or  as  it  is  called  jhort , by  an  ad- 
mixture of  fugar  or  of  ftarch.  Another  kind  of  brittlenefs  is  given  by  the  addition 
of  butter  or  fat.  White  of  egg,  gum-water,  ifinglafs,  and  other  adhefive  fub- 
ftances  are  ufed,  when  it  is  intended  that  the  effeft  of  fermentation  fhall  expand 
the  dough  into  an  exceedingly  porous  mafs.  The  reflecting  chemift  will  receive 
confiderable  information  on  this  fubjeCt  from  an  attentive  infpedtion  of  the  receipts 
to  be  met  with  in  treatifes  of  cooking  and  confedtionary. 

BRECCIA.  An  Italian  term  frequently  ufed  by  our  mineralogical  writers,  to 
denote  fuch  compound  ftones’as  are  cojmpofed  of  agglutinated  fragments  of  con- 
liderable  fize.  When  the  agglutinated  parts  are  rounded,  the  {tone  is  called 
pudding-ftone.  Breccias  are  denominated  according  to  the  nature  of  their  com- 
ponent parts.  Thus  we  have  calcareous  breccias,  or  marbles,  and  filiceous  breccias, 
which  are  ftill  more  minutely  clafled,  according  to  their  varieties.  See  the  Mine- 
ralogies of  Cronftedt,  Kirwan,  and  others. 

BRICK.  Among  the  numerous  branches  of  the  general  art  of  faftiioning 
argillaceous  earths  into  ufeful  forms,  and  afterwards  hardening  it  by  fire,  the  art  of 
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making  bricks  and  tiles  is  by  no  means  one  of  the  lead  ufeful.  By  this  art  we 
poffefs  the  advantage  of  obtaining  the  materials  for  conftrudting  edifices  at  cheap 
rates,  in  almoft  every  fituation,  without  the  expence  of  carrying  ftone  from  re- 
mote quarries  j and  this  is  fo  far  from  being  the  only  advantage,  that  it  is  ex- 
tremely probable  that  thefe  artificial  compofitions,  if  properly  made,  would  prove 
fuperior  in  durability  to  every  natural  ftone.  The  ftreets  in  Holland  are  every 
where  paved  with  a hard  kind  of  brick,  known  by  us  under  the  name  of  clink- 
ers, and  ufed  in  this  country  for  paving  ftables  and  court-yards ; and  the  houfes 
in  Amfterdam  appear  to  be  not  at  all  decayed,  but  were  perfectly  frefh,  as  if  new, 
though  moft  of  thofe  in  the  vicinity  of  the  Exchange  have  flood  at  leaft  two  centu- 
ries. The  fpirit  of  improvement  may  perhaps  effeCt  at  fome  future  period,  in  this 
country,  what  the  ftimulus  of  neceflity  has  done  on  that  naturally  poor  fpot. 

The  art  of  brickmaking  has  for  the  moft  part  been  confined  to  the  manufac- 
tories, no  one  having  attended  to  it  in  a diredt  chemical  way,  except  the  celebrated 
Bergman.  I fhall  therefore  in  the  prefent  article  give  an  account  of  the  leading 
faCts  and  obfervations  in  his  treatife*. 

The  pottery  made  ufe  of  in  the  conftrudlion  of  edifices  may  be  confidered  as 
of  two  forms ; riles  for  the  roof,  or  bricks  for  the  walls ; to  which  may  be  added 
another  kind  of  bricks  for  pavements.  Softnefs  and  porofity  are  the  greateft  fault 
of  tiles.  The  water  retained  in  the  pores  of  tiles  becomes  frozen  in  winter ; 
and  as  ice  occupies  a larger  fpace  than  water,  the  expanfion  of  the  water,  at 
the  inftant  of  its  congelation,  does  not  fail  to  fplit  and  deftroy  fuch  porous  and 
brittle  fubftances  as  tiles  which  are  ill  made.  This  has  been  remedied  by  cover- 
ing them  with  a glaze,  which  adds  confiderably  to  the  expence.  Bergman  is  of 
opinion  that  a ftronger  heat  ufed  in  the  baking  would  render  them  fo  clofe  as  to 
abforb  very  little  moifture. 

This  illuftrious  chemift  did  not  find  that  pure  clay,  or  argillaceous  earth,  was 
fufible  either  alone  or  when  mixed  in  any  proportion  with  lime,  though  the  addi- 
tion of  the  fmalleft  quantity  of  filiceous  earth  brought  the  mafs  into  fufion. 
Neither  was  clay  fufible  with  pure  quartz  alone.  Fluor  mineral  renders  it  fufible 
as  does  likewife  feld  fpar. 

Common  clay  is  fcarcely  ever  found  in  a ftate  approaching  to  purity  on  the  fur- 
face  of  the  earth.  It  ufually  contains  a large  proportion  of  filiceous  earth.  Bergman 
examined  feveral  clays  in  the  neighbourhood  of  Upfal,  and  made  bricks,  which 
he  baked  with  various  degrees  of  hear,  fuffered  them  to  cool,  immerfed  them  in 
water  for  a confiderable  time,  and  then  expofed  them  to  the  open  air  for  three 
years.  They  were  formed  of  clay  and  fand.  The  hardeft  were  thofe,  into  thecompo- 
fition  of  which  a fourth  part  of  fand  had  entered.  Thofe  which  had  been  expofed 
for  the  fhorteft  time  to  the  fire  were  almoft  totally  deftroyed,  and  crumbled 
down  by  the  action  of  the  air  : fuch  as  had  been  more  thoroughly  burned,  fuffered 
lefs  damage  ; and  in  thofe  which  had  been  formed  of  clay  alone,  and  were  half 
vitrified  by  the  heat,  no  change  whatever  was  produced. 

On  the  whole,  he  obferves,  that  the  proportion  of  fand  to  be  ufed  to  any  clay, 
in  making  bricks,  muft  be  greater,  the  more  fuch  clay  is  found  to  contract  in 
burning  ; but  that  the  beft  clays  are  thofe  which  need  no  fand.  Bricks  fliould 
be  well  burned  ; but  no  vitrification  is  neceffary  when  they  can  be  rendered 
hard  enough  by  the  mere  aCtion  of  the  heat.  Where  a vitreous  cruft  might  be 
deemed  neceffary,  he  recommends  the  projection  of  a due  quantity  of  fait  into 
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the  furnace,  which  would  produce  the  effedt  in  the  fame  manner  as  is  feen  in  the 
fabrication  of  the  Englilh  pottery,  called  flone  ware. 

It  is  of  confiderable  importance  to  examine  clay  before  it  is  made  into  tiles. 
This  is  done  in  a rough  way  by  the  manufacturers  ; but  Bergman  advifes  the  fol- 
lowing as  the  molt  expeditious  procefs  : Nitrous  acid  poured  upon  unburned 
clay  deteCts  the  prefence  of  lime,  by  producing  an  effervefcence.  Calcareous 
clays,  or  marles,  are  often  the  fitted:  materials  for  making  bricks.  In  the  next 
place,  a lump  of  clay,  of  a given  weight,  is  to  be  diffufed  in  water  by  agitation. 
The  fand  will  fubfide,  and  the  clay  remain  fufpended.  Other  wafliings  of  the 
refidue  will  carry  ©ff  fome  clay,  and,  by  due  management  in  this  way,  the  fand, 
or  quartzofe  matter,  may  be  had  feparate.  Nitrous  acid  by  digeflion  will  take  up 
the  lime  from  a part  of  the  clay,  previoufly  weighed,  and  this  may  be  precipi- 
tated by  volatile  alkali.  The  clay,  the  fand,  and  the  lime  may  thus  be  well 
enough  afcertained  by  weight,  fo  as  to  indicate  the  quantity  of  fand  or  other  ma- 
terial requifite  to  be  added  in  order  to  form  that  compound,  which,  from  other 
experiments,  may  have  been  found  bed  adapted  to  produce  good  tiles  and  bricks. 
An  examination  with  the  microfcope  will  fhew  whether  the  fand  contain  feld, 
fpar,  or  other  dones  of  known  figure. 

The  brickmakers  in  the  vicinity  of  London  colleCt  the  refufe  cinders  and  afhes 
of  the  coal  fires  of  that  metropolis,  and  employ  women  to  fift  them.  The  cin- 
ders are  ufed  as  fuel  in  the  burning,  and  the  fmaller  powder,  or  black  allies,  enter 
into  the  compofition  of  the  bricks  indead  of  fand. 

BRIMSTONE.  Sulphur. 

BROCATELLO.  A calcareous  done  or  marble,  compofed  of  fragments  of 
four  colours,  white,  grey,  yellow,  and  red. 

BRONZE.  A mixed  metal  confiding  chiefly  of  copper,  with  a fmall  pro- 
portion of  tin,  and  fometimes  other  metals.  It  is  ufed  for  cading  flatues,  can- 
non, bells,  and  other  articles,  in  all  which  the  proportions  of  the  ingredients  vary. 
The  addition  of  tin  to  copper  renders  it  brittle  and  hard,  Angularly  augments  its 
denfity,  and  makes  it  more  fufible.  The  compound  poflefles  likewife  the  advan- 
tage of  being  lefsfubjedtto  corrofion,  or  rud,  by  expofure  to  the  air.  Cannon  and 
ftatues  have  lefs  tin  in  their  compofition  than  bells;  and  in  fpeculum  metal  the 
proportion  is  greated  of  all.  See  Speculum. 

The  operation  by  which  large  works  of  bronze  are  cad,  as  defcribed  by  Mac- 
quer,  is  fufficiently  Ample.  For  this  purpofe  a brick  furnace  is  ufed,  nearly  in  the 
Ihape  of  a baker’s  oven.  The  floor  of  this  furnace  is  concave,  and  conflds  of  a 
compofition  of  fand  and  clay.  In  this  hollow  floor  the  metals  are  put.  The  fur- 
nace has  four  openings. 

The  firfl  is  a lateral  mouth,  at  which  the  flame  of  the  fuel  enters,  which  is  placed 
in  a fecond  furnace  on  one  Ade  the  firfl.  The  fecond  opening  is  a chimney  placed 
on  the  fide  oppofite  the  mouth,  by  means  of  which  the  flame  is  drawn  over  the 
metal.  The  third  opening  is  a hole,  which  can  be  (hut  or  opened  at  pleafure,  to 
infpedt  the  date  of  the  infide  of  rhe  furnace  and  its  contents.  When  the  metal 
is  in  the  date  required,  a fourth  opening"  is  then  inclofed,  communicating  with 
the  hollow  floor,  through  which  the  melted  metal  flows  by  channels  into  the 
moulds  prepared  to  receive  it. 

The  recovery  of  copper  fropa  old  bell  metal  is  an  objedt  which  is  fometimes 
defirable.  Chemidry  affords  various  methods  of  doing  thie,  an  intereding  detail 
of  which  may  be  feen  in  the  ninth  volume  of  the  Annales  de  Chimie. 
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BUTTER.  The  oily  inflammable  part  of  milk,  which  is  prepared  in  many 
countries  as  an  article  of  food.  This  fubftance  appears  to  be  diffufed  through 
milk,  either  mechanically,  or,  which  is  more  probable,  by  an  imperfeft  chemical 
union  ; that  is,  by  combination  with  thecafeous,  faccharine,  and  acid  parts,  which 
form  the  medium  of  its  fufpenfion  in  the  aqueous  fluid.  When  milk  is  differed  to 
remain  at  reft  for  feveral  hours,  a thick  fluid  rifes  to  the  top,  well  known  by  the 
name  of  cream,  and  confifting  of  the  butter,  together  with  a confiderable  mafs  of 
cafeous  and  ferous  particles.  It  has  not  been  afcertained  whether  this  afcent  of 
the  cream  be  attended  with  any  chemical  change  or  ferment  of  the  whole  fluid  ; 
but  it  feems  very  probable  that  this  is  the  cafe. 

Butter  as  it  exifts  in  cream  does  not  form  continued  mafles,  but  has  its  parts 
feparated  by  the  interpofition  of  the  other  principles.  Some  butter  will  however 
be  feparated  without  any  operation,  farther  than  the  mere  continuance  of  (landing 
undifturbed.  But  the  common  method  of  feparating  it  confifts  in  agitating  the 
cream,  for  a certain  time,  in  a veflel  called  a churn,  the  form  of  which  is  va- 
rious, but  its  effential  purpofe  the  fame.  By  this  treatment  it  is  collected  in  an 
uniform  foft  mafs,  poflefling  fcarcely  any  fmell ; of  a mild  agreeable  tafte,  eafily 
fufible,  and  differing  no  perceptible  difengagement  of  any  of  its  principles  by 
any  degree  of  heat  not  exceeding  that  of  boiling  water. 

We  do  not  poffefs  any  direct  experiments  to  (hew  what  it  is  that  occafions  the 
difference  between  the  obvious  qualities  of  butter  and  thofe  of  other  oils,  diftin- 
guifhed  by  the  name  of  fat  or  fixed  oils,  from  their  not  riling  by  a low  heat.  It 
refembles  them  in  its  habitudes  as  nearly  as  they  refemble  each  other  refpeiflively. 
By  diftillation  on  the  water  bath  it  gives  out  a portion  of  watery  fluid,  that  cither 
remained  interpofed  between  its  parts  from  the  firft,  or  was  taken  up  during  the 
wafliing  it  undergoes  in  the  making.  A ftronger  heat,  carefully  managed,  expels- 
firft  a ftrong  acid  of  a penetrating  fmell,  which  is  followed  by  a concrete  coloured 
oil  poflefling  the  fame  odour.  Very  little  coal  remains.  The  acid  appears 
to  be  of  the  fame  nature  as  that  diftinguiflied  by  the  name  of  the  acid  of  fat : and 
it  may  alfo  be  obtained  from  butter  by  means  of  lime  or  an  alkali.  See  Acio 
of  Fat. 

Butter  becomes  rancid  fooner  than  mod  other  fat  oils,  probably  on  account  of 
the  water,  which  may  favour  the  developement  of  its  acid.  Waffling  with  water 
or  ardent  fpirit  reftores  it  in  fome  meafure  to  its  former  (late,  by  carrying  off  the 
difengaged  part  of  the  acid.  Fixed  alkalis  diffolve  butter,  and  form  foap. 

BUTTER  OF  ANTIMONY.  The  combination  of  the  regulus  of  anti- 
mony with  the  dephlogifticated  or  aerated  marine  acid.  It  is  ufually  made  by 
diddling  a mixture  of  corrofive  fublimate  and  the  regulus.  See  Antimony. 

BUTTER  OF  ARSENIC.  A combination  of  the  regulus  of  arfenic  with 
dephlogifticated  or  aerated  marine  acid ; obtained  by  a procefs  fimilar  to  that  ufed 
in  making  the  butter  of  antimony. 

BUTTER  OF  CACAO.  An  oily  concrete  white  matter,  of  a firmer  con- 
fidence than  fuet,  obtained  from  the  cacao  nut,  of  which  chocolate  is  made. 
The  method  of  feparating  it  confifts  in  bruifing  the  cacao  and  boiling  it  in  water. 
The  greateft  part  of  the  fuperabundant  and  uncombined  oil  contained  in  the  nut 
is  by  this  means  liquefied,  and  rifes  to  the  furface ; where  it  fwims,  and  is  left  to 
congeal,  that  it  may  be  the  more  eafily  taken  off.  It  is  generally  mixed  with 
finall  pieces  of  the  nut,  from  which  it  may  be  purified  by  keeping  it  in  fufion 
without  water  in  a pretty  deep  veflel,  until  the  feveral  matters  have  arranged 
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themfelves  according  to  their  fpecific  gravities.  By  this  treatment  it  becomes 
very  pure  and  white. 

Butter  of  cacao  is  without  fmell,  and  has  a very  mild  tafte,  when  frefh  ; and  in 
all  its  general  properties  and  habitudes  it  refembles  fat  oils ; among  which  it  muft 
therefore  be  claffed.  It  is  ufed  as  an  ingredient  in  pomatums. 

BUTTER  OF  WAX.  Wax,  though  differing  very  confiderably  from  fat 
oils,  refembles  them  in  affording  an  acid  by  diftillation,  while  the  remaining 
oleaginous  part  becomes  more  limpid,  in  proportion  as  the  number  of  diftilla- 
tions  is  repeated.  The  firft  diftillation  leaves  it  of  a butyraceous  confiftence, 
and  this  is  called  butter  of  wax.  It  has  a ftrong  fmell,  and  is  faid  by  Macquer 
not  to  recover  its  confiftence  by  long  expofure  to  the  air ; in  which  particular  he 
obferves  that  it  differs  from  refmous  fubftances. 

BUTTER  OF  TIN.  When  granulated  tin,  or  an  amalgam  of  tin  and  mer- 
cury, is  diftilled  with  corrofive  fublimate,  the  tin  rifes  in  combination  with  the 
dephlogifticated  or  aerated  marine  acid,  partly  in  the  form  of  a liquor  and  partly 
in  butyraceous  flowers.  The  liquor  is  called  the  fuming  liquor  of  Libavius,  and 
is  not  effentially  different  from  the  flowers.  Many  chemifts  diftinguifh  the  whole  ' 
produdt  by  the  name  of  the  fuming  liquor  of  Libavius.  See  Tin. 

BUTTON.  The  round  mafs  of  metal  obtained  in  fmall  reductions  or  other 
chemical  experiments,  and  found  at  the  bottom  of  the  crucible  or  veffel  wherein 
the  operation  is  performed,  is  called  the  button  by  chemifts. 

BYSSUS.  The  afbeftus,  compofed  of  parallel  fibres,  is  diftinguifhed  by 
fome  under  this  name. 
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C^ABOCHON.  The  French  ufe  this  word  to  denote  the  figure  of  precious 
j (tones  when  polifhed  with  a convex  furface. 

CACHOLONG.  A very  hard  compaCt  white  agate.  It  is  femi-tranfparent, 
and  in  this  refpect  differs  from  the  moonftone,  which  has  a milky  white,  with  a 
few  various  fhades  of  light  proceeding  from  an  internal  blueifh  ground.  The 
cacholong  is  vitrifiable  and  capable  of  a good  polifh.  It  is  found  in  the  river 
Cache  in  the  Calmucks’  country,  whence  in  their  language  it  takes  its  name. 

CADMIA.  A word  fcarcely  met  with  in  the  writings  of  the  later  chemifts. 
It  has  been  given  to  various  fubftances.  The  cadmia  of  the  furnaces  is  a matter 
thatfublimes  when  ores  containing  zinc,  like  thofe  of  Rammelfburg,  arefmelted. 
This  confifts  of  the  flowers  of  zinc,  which  rife  by  the  violent  heat  of  combuftion, 
and  adhere  to  the  infide  of  the  walls  of  the  furnace  ; which  being  hot  do  not 
condenfe  them  immediately  into  the  folid  ftate,  but  caufe  them  to  pafs  through 
a ftate  of  fluidity  intermediate  between  the  elaftic  and  the  folid  ftate.  On  this 
account  they  have  a much  lefs  interrupted  folidity  than  the  flowers  of  zinc 
ufually  poflefs.  The  quantity  collected  at  Rammelfburg  is  fo  conflderable  as 


C f R 


CAL 


[ 243  ] 

to  form  a very  thick  cruft,  requiring  to  be  frequently  removed.  The  name  of- 
cadmia  has  alfo  been  given  to  other  fublimates  that  rife  in  the  fmelting  of  ores. 

Calamine,  or  lapis  calaminaris,  which  is  an  ore  of  zinc,  has  alfo  been  called 
native  cadmia.  This,  as  well  as  the  cadmia  of  the  furnaces,  is  ufed  in  the  con- 
verting copper  into  brafs.  See  Copper. 

The  ore  of  cobalt  is  fometimes,  but  very  improperly,  called  foftil  cadmia. 

(LERULEUM  MONTANUM.  An  ore  of  copper  claffed  by  Cronftedt 
among  the  calcareous  earths,  as  a combination  of  that  earth  with  the  metal. 
Kirwan,  however,  afferts  pofttively  that  ioo  parts  contain  about  69  of  copper,  29 
of  aerial  acid  or  fixed  air,  and  2 of  water.  It  is  moft  frequently  found  of  a 
loofe  pulverulent  form,  though  fometimes  indurated  and  even  cryftallized,  but 
it  is  then  mixed  with  quartz.  It  may  be  analyfed  by  folution  in  acids,  and  pre- 
cipitation by  immerfing  a piece  of  iron  in  the  folution,  which  will  throw  down  the 
copper  in  the  metallic  ftate. 

CALAMINE.  An  ore  of  zinc  of  a white,  grey,  yellow,  brown,  or  red  co- 
lour, of  various  hardnefs,  though  fcarcely  ever  hard  enough  to  ftrike  fire  with  the 
fteel.  Its  texture  is  either  equable  or  cellular,  and  itsform  irregular,  or  cryftallized, 
or  in  ftaladfites.  It  does  not  lofe  weight  by  calcination,  unlefs  mixed  w'ith  char* 
coal  ; and  then  the  zincrifes  in  flowers.  Acids  diflolve  it,  and  with  the  vitriolic  it 
affords  vitriol  of  iron  as  well  as  of  zinc.  The  fpecific  gravity  of  the  bell  fort, 
that  is  the  grey,  is  5,000,  and  100  parts  of  this  afforded  Bergman  84  of  calx  of 
zinc,  3 iron,  1 clay,  and  12  filiceous  earth;  but  in  other  fpecimens  the  propor- 
tions are  very  different.  Moft  of  the  Englilh  calamines  contain  lead. 

CALCAREOUS  EARTH.  See  Earths. 

CALCES,  METALLIC.  Metals  which  have  undergone  the  procefs  of 
calcination  or  combuftion,  or  any  other  equivalent  operation. 

CALCINATION.  The  fixed  refidues  of  fuch  matters  as  have  undergone 
combuftion  are  called  cinders  in  common  language,  and  calces  by  chemifts ; 
and  the  operation,  when  confidered  with  regard  to  thefe  refidues,  is  termed  cal- 
cination. In  this  general  way  it  has  likewife  been  applied  to  bodies  not  really 
combuftible,  but  only  deprived  of  fome  of  their  principles  by  heat.  Thus  we 
hear  of  the  calcination  of  chalk,  to  convert  it  into  lime,  by  driving  off  its  fixed 
air  and  water ; of  gypfum  or  plafter  ftone,  of  alum,  of  borax,  and  other 
faline  bodies,  by  which  they  are  deprived  of  their  water  of  cryftallization ; of 
bones,  which  lofe  their  volatile  parts  by  this  treatment ; and  of  various  other 
bodies. 

This  application  of  the  term  is  neverthelefs  at  prefent  avoided  by  chemifts, 
who  in  general  confider  it  as  improper,  and  confine  the  term  to  the  only  clafs  of 
bodies  truly  combuftible,  which  leave  a large  fixed  refidue  after  combuftion; 
namely,  metals. 

When  a metallic  fubftance  is  expofed  to  a confiderable  heat  with  accefs  of 
refpirable  air,  its  external  part  becomes  gradually  converted  into  a calx  of  a dull 
earthy  appearance,  lefs  fufible,  and  of  a lefs  fpecific  gravity,  than  the  metal  it- 
felf,  brittle  or  friable  when  cold,  and  weighing  upon  the  whole  more  than  the 
regulus  which  afforded  it.  The  metals  called  perfedt  are  not  calcinable  by  the 
heat  of  common  furnaces ; and  among  the  femi-metals  there  are  fome  whofe 
calces  are  confiderably  volatile,  and  rife  in  the  form  of  flowers.  See  Metals,  and 
alfo  the  refpedtive  articles  of  each. 

The  calcination  of  metals  is  indubitably  an  effedt  of  the  fame  nature  as  other 
combuftions,  and  is  confidered  as  fuch  by  all  chemifts.  But  as  the  theories  of 
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combuftion  differ,  the  explanations  muft  vary  accordingly.  In  the  ancient 
theory  of  Stahl,  metals,  like  other  combuftible  bodies,  were  confidered  as  com- 
pounds of  one  general  principle  of  inflammability,  united  to  a particular  bafis  in 
each.  This  principle,  called  phlogiffon,  was  fuppofed  to  be  driven  off  during 
combuftion,  and  to  leave  the  bare  or  metallic  calx  behind  it.  Various  hypo- 
thefes  were  propofed  to  account  for  the  increafed  weight  of  the  calces,  which 
was  firft  truly  accounted  for  by  Mayow,  who  afcribed  it  to  the  abforption  of  air. 
When  modern  difcoveries  had  re-eflablifhed  this  truth,  that  the  refpirable  part 
of  the  air  is  abforbed  in- combuftion,  the  adherents  of  Stahl  found  it  neceflary  to 
modify  their  dodtrine  by  attributing  the  extrication  of  phlogifton  to  an  effedt  of 
affinity.  In  this  way  the  inflammable  principle  was  faid  to  be  expelled  by  the 
ftronger  affinity  of  the  air  to  the  calx,  at  the  temperature  of  the  experiment ; or 
otherwife,  admitting  the  matter  of  heat  to  have  a feparate  exiftence,  it  was  fuppofed 
to  quit  the  elaftic  fluid  air,  at  the  time  of  its  condenfation,  and  unite  with  the 
phlogifton,  which  was  affirmed  to  make  its  efcape  in  the  flame. 

The  modern  theory  of  the  antiphlogiftians,  rejedting  altogether  the  exiftence  of 
a principle  of  inflammability,  afcribes  the  whole  effedt  to  the  air  which  enters  into 
combination.  In  this  a metal  is  a Ample  fubftance,  and  a calx  is  a metal  united 
to  a portion  of  vital  air. 

The  calcination  of  metals  is  effedted  by  the  mereaccefs  of  the  vital  air  of  the  at- 
mofphere,  provided  the  temperature  be  raifed  to  a fufficient  height.  Nitre  greatly 
accelerates  this  effedt,  becaufe  it  affords  vital  air  by  the  decompofltion  of  its  acid 
when  duly  heated.  The  acids  likewife  calcine  metals  without,  in  general,  re- 
quiring any  external  application  of  heat.  Nitrous  acid,  being  more  readily  de- 
compofed  than  any  other,  is  accordingly  more  adtive  in  the  calcination  of  metals. 
In  this  procefsthe  vital  air  of  the  acid  unites  with  (and  perhaps  dephlogifticates) 
the  metal,  while  the  other  part  of  the  acid,  namely  the  phlogifticated  air,  flies 
off,  either  alone  or  in  the  form  of  nitrous  air.  The  calx  is  either  diffolved  or 
precipitated,  accordingly  as  it  contains  a lefs  or  greater  quantity  of  vital  air ; this 
fubftance  appearing  to  be  the  medium  of  fufpenfion,  to  which  the  calx  has  no 
tendency  if  completely  faturated. 

When  vitriolic  acid  is  employed  in  the  calcination  and  folution  of  a metal,  the 
part  of  the  acid  which  flies  off  is  fulphur,  more  or  lefs  acidified,  in  the  form  of 
fulphureous  or  volatile  vitriolic  acid.  ^ Heat,  Phlogiston,  Metals,  Acids, 
Combustion. 

CALX,  METALLIC.  ^Calces, alfo  Calcination. 

CALL.  A word  ufed  by  the  miners  to  denote  fchoerl  or  cockle,  and  alfo 
other  matters ; but  Da  Cofta  fays  that,  definitely  fpeaking,  it  denotes  the  mineral 
called  wolfram. 

CAMELEON  MINERAL.  The  combination  of  fixed  alkali  and  calx  of 
manganefe  has  been  fo  called,  on  account  of  the  changes  of  colour  it  is  fubjedt 
to  when  diffolved  in  water. 

CAMOMILE.  A fmall  quantity  of  blue  effential  oil  refides  in  the  cup  of 
the  flowers.  This  colour  changes  to  a brownifli  green  by  age,  and  that  more 
readily  in  half  filled  or  imperfedtly  clofed  veflels  than  infuch  as  are  entirely  full. 
Camomile  flowers  boiled  in  wine  give  it  a manifeftly  faline  tafte,  and  the  de- 
codtion  precipitates  filver  and  mercury  from  nitrous  acid.  But  as  the  precipi- 
tates were  different  from  thofe  afforded  by  common  fait,  Neumann,  from  whom 
this  article  is  taken,  is  juftly  of  opinion  that  the  precipitating  fait  was  afforded  by 
the  wine. 
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Sir  John  Pringle  finds,  by  his  experiments,  that  the  foluble  part  of  camomile 
flowers  is  one  hundred  and  twenty  times  as  antifeptic  as  common  fait. 

CAMPAN  MARBLE.  The  green  campan  from  the  Pyrenean  mountains 
is  flightly  magnetic,  and  contains,  according  to  Mr.  Bayen,  in  the  centenary 
fixty-five  parts  mild  calcareous  earth,  thirty-two  argillaceous,  and  three  of  iron 
partially  calcined.  The  red  campan  is  not  magnetic,  and  contains  eighty-two 
parts  mild  calcareous  earth,  eleven  of  argillaceous  earth,  and  feven  of  calx  of  iron. 

CAMPHOR.  This  Angular  vegetable  fubftance  comes  to  us  from  China. 
There  are  two  kinds  grow  in  the  Eaft,  the  one  produced  in  the  iflands  Sumatra 
and  Borneo,  and  the  other  produced  in  Japan  and  China.  The  Sumatran  cam- 
phor, which  the  Europeans  obtain,  is  carried  to  the  China  market,  where  it  bears 
a better  price  than  the  Japanefe.  This  has  given  rife  to  an  opinion,  that  the 
Chinefe  buy  it  to  convert  it,  by  fome  manipulation,  into  the  other.  The  pro- 
perties of  the  camphor  we  receive  render  this  in  the  higheft  degree  improbable. 

Camphor  * is  extradled  from  the  roots,  wood,  and  leaves  of  a large  tree,  the  roots 
affording  by  far  the  greateft  abundance.  The  method  confifts  in  diftilling  with 
water  in  large  iron  pots,  ferving  as  the  body  of  a ftill,  with  earthen  heads 
adapted,  fluffed  with  ftraw,  and  provided  with  receivers.  Moft  of  the  camphor 
becomes  condenfed  in  the  folid  form  among  the  ftraw,  and  part  comes  over  with 
the  water  Jilt  is  faid  by  fome  to  be  fublimed  without  water  ; but  Neumann  thinks, 
perhaps  without  foundation,  that  fuch  treatment  would  give  an  empyreumatic 
fmell  to  the  camphor.  The  rough  camphor,  as  imported,  refembles  crude  nitre 
or  bay  fait.  It  is  imported  in  canifters. 

The  refining  of  camphor  was  long  a fecret  with  the  Venetians,  at  the  time 
when  moft  of  the  commodities  of  the  Eaft  were  brought  into  Europe  by  that 
people.  The  Hollanders  have  fince  appropriated  to  themfelves  this,  with  va- 
rious other  manufactures  dependent  on  chemiftry ; and  I do  not  find  that  it  is 
purified  in  large  quantities  elfewhere.  Neumann  mentions  one  of  the  largeft 
refineries  at  Amfterdam,  in  which  were  fifty  furnaces,  all  managed  by  women. 
He  was  permitted  to  fee  the  whole  operation,  except  the  charging  of  the  veffels. 
The  fublimation  was  performed  in  low  flat-bottomed  glafs  veffels  placed  in  fand; 
and  the  camphor  became  concrete  in  a pure  ftate  againft  the  upper  part,  whence 
it  was  afterwards  feparated  with  a knife  after  breaking  the  glafs.  Lewis,  in  a 
note  on  this  paflage,  aflerts,  that  no  addition  is  requifite  in  the  purification  of 
camphor ; but  that  the  chief  point  confifts  in  managing  the  fire  fo  that  the 
upper  part  of  the  veflel  may  be  hot  enough  to  bake  the  fublimate  together  into 
a kind  of  cake.  He  thinks  it  more  commodious  to  diffolve  the  crude  camphor 
in  ardent  fpirit,  and,  after  decantation  or  filtration,  to  diftil  off  the  fpirit,  and  fufe 
the  camphor  into  a cake  in  a glafs  veflel.  Chaptal  fays  the  Hollanders  mix  an 
ounce  of  quicklime  with  every  pound  of  camphor  previous  to  the  diftillation. 

Purified  camphor  is  a white  concrete  cryftalline  fubftance,  not  brittle,  but 
eafily  crumbled,  having  a peculiar  confiftence  refembling  that  of  fpermaceti,  but 
harder.  It  has  aftrong  lively  fmell,  and  an  acrid  tafte  ; is  fo  volatile  as  totally  to 
exhale  when  left  expofed  in  a warm  air ; is  light  enough  to  fwim  on  water ; 
and  is  very  inflammable,  burning  with  a very  white  flame  and  fmoke,  without 
any  refidue. 

The  roots  of  zedoary,  thyme, [rofemary,  fage,  the  inula  helenium,  the  anemony, 
the  pafque  flower  or  pulfatilla,  and  other  vegetables,  afford  camphor  by  dil- 
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filiation.  It  is  obfervable,  that  all  thefe  plants  afford  a much  larger  quantity  of 
camphor,  when  the  fap  has  been  fuffered  to  pafs  to  the  concrete  ftate  by  feveral 
months  drying.  Thyme  and  peppermint,  llowly  dried,  afford  much  camphor  ; 
and  M.  Achard  has  obferved,  that  a fmell  of  camphor  is  difengaged  when  vo- 
latile oil  of  fennel  is  treated  with  acids.  The  combination  of  diluted  nitrous  acid 
with  the  volatile  oil  of  anife  afforded  him  a large  quantity  of  cryftals,  that  pof- 
lefled  moft  of  the  properties  of  camphor ; and  he  obtained  a fimilar  precipitate 
by  pouring  the  vegetable  alkali  upon  vinegar  faturated  with  the  volatile  oil  of 
angelica. 

From  all  thefe  fads  Chaptal  concludes  that  the  bafe  of  camphor  forms  one 
of  the  conftituent  parts  of  fome  volatile  oils,  in  which  it  exifts  in  the  liquid  ftate, 
and  does  not  become  concrete  but  by  combining  with  vital  air. 

Camphor  is  not  foluble  in  water  in  any  perceptible  degree,  though  it  com- 
municates its  fmell  to  that  fluid,  and  may  be  burned  as  it  floats  on  its  furface.  It 
has  been  obferved  by  Romieu,  that  fmall  pieces  of  camphor  floating  on  water 
have  a rotatory  motion,  which  he  afcribes  to  electricity.  Ardent  fpirit,  ethers 
and  oils,  diffolve  camphor  very  plentifully.  The  former  of  thefe  diflolves  much 
more  by  heat,  though  when  cold  it  takes  up  three-fourths  of  its  own  weight.  The 
furplus  taken  up  by  heat  is  feparated,  in  cryftals  of  a plumofe  form,  by  cooling. 

Nitrous  acid,  which  acts  fo  violently  on  eflential  oils  as  to  caufe  inflamma- 
tion, diflolves  camphor  without  producing  heat  or  agitation.  The  camphor 
becomes  fluid,  and  floats  on  the  furface  of  the  acid  like  oil,  and  has  been  called 
oil  of  camphor.  Neumann  fays,  it  combines  with  the  moft  concentrated  part 
of  the  acid.  The  vitriolic  acid  unites  alfo  with  camphor,  forming  a coloured  fluid, 
which  at  length  becomes  of  a dark  reddifh  brown  colour.  Other  acids  alfo  dif- 
folve it.  Alkalis  precipitate  it  heavier,  harder,  and  much  lefs  combuftible. 

The  addition  of  water  to  the  fpirituous  or  acid  folutions  of  camphor  in- 
ftantly  feparates  it. 

Camphor  may  be  powdered  by  moiftening  it  with  fpirit  of  wine,  and  triturat- 
ing it  till  dry.  It  may  be  formed  into  an  emulfion  by  previous  grinding  with 
near  three  times  its  weight  of  almonds,  and  afterwards  gradually  adding  the 
water.  Yolk  of  egg  and  mucilages  are  alfo  effedual  for  this  purpofe ; but  fugar 
does  not  anfwer  well. 

When  nitrous  acid  is  diftilled  repeatedly  in  large  quantities  from  camphor,  it 
converts  it  into  a peculiar  acid.  M.  Kofegarten  diftilled  this  acid  eight  times  from 
it,  and  obtained  a fait  in  parallelopipedons,  which  reddened  fyrupof  violets  and  the 
tindure  of  turnfole.  Its  tafte  is  bitter,  and  it  differs  from  the  acid  of  fugar  more 
particularly  in  not  precipitating  lime  from  marine  acid. 

This  acid  forms,  with  vegetable  alkali,  a fait  in  hexagonal  cryftals ; with 
mineral  alkali,  irregular  cryftals ; with  volatile  alkali,  needle-formed  and  prif- 
matic  cryftals ; and  with  magnefia,  a white  pulverulent  fait.  It  diflolves  copper, 
iron,  bifmuth,  zinc,  arfenic,  and  cobalt.  The  folution  of  iron  affords  a yellowifh 
white  infoluble  powder.  With  manganefe  it  forms  cryftals  with  parallel  fides, 
fomewhat  refembling  bafaltes. 

CANNEL  COAL.  A coal  which  bums  with  a white  flame,  much  ftnoke, 
and  a fmell  refembling  pitch.  It  probably  owes  its  name  to  its  ufe  as  a fub- 
•ftitute  for  candles  in  many  of  the  poorer  families  in  the  north  of  England,  who 
in  their  ftore  of  coals  take  care  to  be  provided  with  a feparate  portion  of  this  to 
be  laid  on  the  fire  at  night.  Kirwan  fays  that  it  breaks  eaflly  in  any  diredion,  and 
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in  its  fradlure  prefents  a fmooth  conchoidal  furface,  if  broken  tranfverfely.  Its 
fpecific  gravity  is  about  1.27. 

CANTHARIDES.  A well  known  fly  with  green  wings,  very  common  in 
hot  countries^  and  much  ufed  as  an  article  of  the  materia  medica.  The  powder 
of  this  infedt  applied  to  the  fkin  caufes  blifters,  excites  urine,  thirfl,  and  fever. 
They  produce  the  fame  effect  when  taken  in  a fmall  dofe  internally.  Larger 
dofes  have  occafioned  priapifms,  with  lofs  of  blood,  and  laftly  death.  The  ig- 
norant have  formerly  adminiflered  this  ingredient  to  excite  venereal  emotions, 
but  never  without  much  danger. 

M.  Thouvenel  has  made  fome  valuable  experiments  on  cantharides.  Water 
extradls  a very  abundant  principle,  which  gives  it  a reddifh  yellow  colour,  and 
alfo  feparates  a yellowifh  oily  principle.  Ether  takes  up  a green ifh  very  acrid 


oil,  wherein  the  virtue  of  the  cantharides  moil  eminently  refides.  An  ounce  of 
cantharides  afforded, 

Reddifh  yellow  bitter  extradl,  - 216  grains. 

Yellow  oily  matter,  - - - 12 

Green  oily  fubftance  analogous  to  wax,  - 60 

Parenchyma,  foluble  neither  in  water  nor  ardent  fpirit,  288 

The  French  ounce,  576 


Proof  fpirit,  or  a mixture  of  equal  parts  of  water  and  ftrong  ardent  fpirit,  ex- 
tradls,  by  digeflion,  a tindlure  from  cantharides  which  poflefles  all  the  virtues  of 
the  infedts  themfelves.  When  this  tindlure  is  diftilled,  the  fpirit  which  comes 
over  has  the  fmell  of  the  cantharides. 

Strong  ardent  fpirit  takes  up  the  cauftic  part  only  ; whence  it  follows  that  the 
intenfity  of  the  tindlure  may  be  varied,  as  well  by  varying  the  ftrength  as  the 
quantity  of  the  fpirit  to  a given  dofe  of  the  infedts.  This  tindlure  has  the 
character  of  warming  and  increafing  the  circulation  of  the  parts  to  which  it  may 
be  applied  in  rheumatic  pains,  fciatica,  the  wandering  gout,  &c. 

Neumann  was  acquainted  with  the  refinous  fubftance  of  cantharides,  and  that 
the  virtue  of  this  medicament  refided  in  it. 

CAP.  The  piece  which  terminates  the  top  of  a melting  furnace  is  called 
the  cap.  It  has  the  figure  of  an  oblong  dome,  with  a large  oval  door  on  one 
fide  for  the  introdudlion  of  fuel,  of  which  this  furnace  requires  a quick  and 
large  fupply.  The  upper  part  terminates  in  a tube  or  chimney,  which  may  be 
lengthened  accordingly  as  a greater  or  lefs  draught  is  required. 

CAPACITY.  Seett  eat. 

CAPITAL.  The  upper  part  of  an  alembic,  likewife  called  the  head.  See 
Apparatus. 

CAPUT  MORTUUM.  A fanciful  term  much  ufed  by  the  old  chemifls, 
but  now  entirely  rejedted.  It  denoted  the  fixed  refid ue  of  operations.  As  the 
earlier  chemifls  did  not  examine  thefe,  they  did  not  find  any  inconvenience  in 
one  general  term  to  denote  them;  but  the  moft  flender  acquaintance  with 
modern  chemiftry  muff  fhew  that  it  is  utterly  impradticable  to  denote,  by  one 
general  term,  all  the  various  matters  that  remain  fixed  in  certain  degrees  of 
heat. 

CARBUNCLE.  The  ancients  called  all  red  gems  by  this  name  ; but  the 
carbunculus  of  Pliny  was  the  fame  as  the  oriental  ruby  of  our  jewellers.  Its 
colour  is  of  a deep  red  inclining  to  purple.  See  Ru  b y. 
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CARDAMOM.  Neumann  examined  the  leffer  cardamom.  One  ounce 
yielded  a fcruple  of  eflential  oil,  containing  the  whole  of  their  pungency  and 
Tmell,  with  fourteen  or  fifteen  grains  of  refinous,  and  forty-five  grains  of  mucila- 
ginous extract. 

CARDUUS  BENEDICTUS.  Four  ounces  of  the  leaves  afforded  four 
drams  and  a half  of  extradl  to  ardent  fpirit : the  fame  quantity  gave  out  fix 
drams  and  a half  of  mucilaginous  extradl  with  water.  The  expreffed  juice,  de- 
purated and  evaporated  to  the  confidence  of  a fyrup,  afforded  Neumann  faline 
cryftals,  approaching  to  the  nature  of  tartar. 

CARLINE  THISTLE.  A prickly  thiftle,  growing  chiefly  in  Switzerland. 
Neumann  fpeaks  of  the  roots,  as  brought  in  bundles  from  Thuringia.  They 
have  a bitter  pungent  tafte,  and  are  chiefly  ufed  in  the  diforders  of  cattle.  In 
his  method  of  treatment,  he  obtained  by  diftillation  about  one  ninth  part  of  its 
weight  of  eflential  oil.  Ardent  fpirit  extradled  more  than  one  fourth  of  refinous 
matter,  which  poffeffed  the  flavour  and  adlivity  of  the  root.  Water  extracted  a 
weaker  matter. 

CARMINE.  A red  pigment  prepared  by  diffolving  cochineal  in  an  alkaline 
lixivium,  and  precipitating  by  alum.  It  confifts,  therefore,  of  the  colouring 
matter  of  cochineal  combined  with  the  argillaceous  earth  of  the  alum. 

Other  precipitates  are  alfo  called  by  this  name.  Lewis  aflerts,  that  he  has 
often  repeated  with  fuccefs  an  experiment,  firfl  publifhed  in  the  Ada  Naturte 
Curioforum,  in  which  a fine  precipitate,  little  inferior  in  beauty  to  carmine,  is 
afforded  by  adding  the  nitrous  folution  of  tin  to  a decodlion  of  Brazil  wood. 

CARNELIAN.  A ftone  of  the  filiceous  genus,  of  different  fhades  of  brown- 
i(h  red  or  flefli  colour.  The  feveral  fpecimens  vary  alfo  in  their  hardnefs  and 
tranfparency.  The  mofl  efteemed  is  of  an  orange  or  yellowifh  red,  and  gives 
fire  with  fteel.  The  whitifh  are  fofter  and  lefs  valued.  Ignition  changes  the  red 
colour  to  an  opake  white.  Its  fpecific  gravity  is  from  2,  6 to  2,  7. 

CARPOLITHI.  A name  given  by  writers' on  foflils  to  fuch  ftones  as  re- 
prefent  fruit.  The  bafis  is  a martial  jafper,  in  which  nodules  of  rounded  calca- 
reous fpar  and  ferpentine  are  included.  Denominations  of  this  kind  are  at  prefent 
little  regarded. 

CARTHAMLJS,  or  SAFFLOWER.  In  fome  of  the  deep  reddifh,  yellow,  or 
orange  coloured  flowers,  the  yellow  matter  feems  to  be  of  the  fame  kind  with 
that  of  the  pure  yellow  flowers  ; but  the  red  to  be  of  a different  kind  from  the  pure 
red  ones.  Watery  menftrua  take  up  only  the  yellow,  and  leave  the  red,  which 
may  afterwards  be  extracted  by  redtified  fpirit  of  wine,  or  by  a weak  folution 
of  alkali.  Such  particularly  are  the  faffron- coloured  flowers  of  carthamus. 
Thefe,  after  the  yellow  matter  has  been  extracted  by  water,  are  faid  to  give  a 
tindlure  to  ley ; from  which,  on  Handing  at  reft  for  fome  time,  a deep  red  fecula 
fubfides,  called  fafflower,  and  from  the  countries  whence  it  is  commonly  brought 
to  us,  Spanifh-red  and  China-lake.  This  pigment  impregnates  ardent  fpirit 
with  a beautiful  red  tindlure ; but  communicates  no  colour  to  water.  Lewis 
on  Neumann. 

CASE-HARDENING.  Steel  when  hardened  is  brittle,  and  iron  alone  is 
not  capable  of  receiving  the  hardnefs  fteel  may  be  brought  to  poffefs.  There  is 
neverthelefs  a variety  of  articles  in  which  it  is  defirable  to  poffefs  all  the  hard- 
nefs of  fteel,  together  with  the  firmnefs  of  iron.  Thefe  requifites  are  united  in 
the  art  of  cafe-hardening,  which  does  not  differ  from  the  making  of  fteel,  except 
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in  the  fhorter  duration  of  the  procefs.  Tools,  utenfils,  or  ornaments  in- 
tended to  be  polifhed,  are  firft  manufactured  in  iron  and  nearly  fmifhed, 
after  which  they  are  put  into  an  iron  box,  together  with  vegetable  or  animal 
coals  in  powder,  and  cemented  for  a certain  time.  This  treatment  converts 
the  external  part  into  a coating  of  fteel,  which  is  ufually  very  thin,  be- 
caufe  the  time  allowed  for  the  cementation  is  much  fhorter  than  when  the  whole 
is  intended  to  be  made  into  fteel.  Immerfion  of  the  heated  pieces  into  water 
hardens  thefurface,  which  is  afterwards  polifhed  by  the  ufual  methods. 

CARYOPHYLLOIDES.  A name  given  to  a fpecimen  of  mica,  the  fcales 
of  which  are  concentric  and  perpendicular.  Cronftedt. 

CASIA  FISTULARIS.  The  fruit  of  a tree  growing  in  Egypt  and  in  the 
Eaft  Indies.  It  is  a large  cylindrical  pod  or  cane,  containing,  under  an  hard  rind, 
a foft  pulp  lodged  in  a number  of  tranfverfe  cells,  with  a flat  roundilh  feed  in 
each.  Out  of  four  drams  of  the  dried  pulp,  Neumann  found  water  take  up  three 
drams  fifteen  grains.  Rectified  fpirit  took  up  as  much,  or  nearly  fo-;  but  the 
fpirit  added  more  flowly. 

CASIA  LIGNEA.  The  bafk  of  a tree  of  the  fame  kind  as  the  cinnamon 
tree.  It  contains  an  eflential  oil  of  the  fame  flavour  and  qualities  as  that  of  cin- 
namon but  much  lefs  in  quantity.  Cafia  is  very  commonly  fold  under  the 
name  of  cinnamon,  from  which  however  its  external  appearance  is  fufficient  to 
diftinguifh  it.  The  cafia  is  thick,  rough,  and  breaks  crofs-wife  without  fpliting  ; 
but  the  cinnamon  is  fmoother,  thinner,  and  cannot  eafily  be  broken  crofs-wife 
without  caufing  it  to  fplit  into  many  thin  fragments. 

CASTOR.  A foft  greyifii  yellow  or  light  brown  fubftance  found  in  four 
bags  in  the  inguinal  region  of  the  beaver.  In  a warm  air  it  grows  by  degrees 
hard  and  brittle,  and  of  a darker  colour,  efpecially  when  dried  in  chimneys,  as 
is  ufually  done.  No  experiments  have  been  made  fufficient  to  fhew  its  com- 
ponent parts  with  precifion.  Ardent  fpirit  extracts  a refinous  matter  which  co- 
lours it ; water  takes  up  an  abundant  mucilaginous  principle,  and  affords  by 
evaporation  a faline  fubftance  not  yet  examined. 

Caftor  is  regarded  as  a powerful  antifpafmodic. 

CAT’S  EYE.  Pfeudopalus.  A femi-opake  ftone  of  the  filiceous  order,  and 
reckoned  among  the  gems.  It  is  whitifh,  and  reflects  green  and  yellowifh  rays, 
varying  according  to  the  pofition  of  the  obferver.  It  is  very  hard,  and  is  ufually 
cut  by  jewellers  of  the  figure  of  a plano-convex  lens,  and  fet  with  the  convex 
fide  outwards.  The  beft  of  thefe  ftones  are  very  fcarce.  Bomare  informs  us 
that  there  was  one  in  the  cabinet  of  the  Grand  Duke  of  Tul'cany,  of  one  inch 
diameter. 

CAUSTIC  (COMMON).  A fixed  alkali  deprived  of  aerial  acid  and  moft  of 
its  water.  If  the  lixivium  of  the  foap-boilers  be  evaporated  to  drynefs  in  a filver 
or  copper  veflel,  then  fufed  in  a crucible,  poured  out  into  a bafion,  and,  when 
folid,  cut  into  fmall  pieces,  it  forms  the  common  cauftic.  This  muft  be  kept  in 
3l  clofed  bottle  to  prevent  its  deliquefcing. 

When  a piece  of  this  alkali  is  applied  to  the  fkin,  for  the  fpace  of  three 
quarters  of  an  hour,  it  corrodes  it,  no  doubt  by  forming  a faponaceous  com- 
pound with  its  fat  parts.  It  was  much  ufed  in  making  ilfues,  before  that  prac- 
tice was  laid  afide.  See  Alkali. 

CAUSTIC,  LUNAR.  This  is  likewife,  though  improperly,  called  lapis  in- 
fernalis.  It  conlifts  of  the  cryftals  of  filver  obtained  by  folution  in  nitrous 
atid,  and  afterwards  fufed  in  a crucible.  To  make  this  preparation,  very  pure 
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filver  muft  be  diftolved  to  faturation  in  nitrous  acid,  and  the  cryftals  feparated  by 
evaporation  and  cooling.  Thefe  are  to  be  fufed  in  an  earthen  crucible,  fuffi- 
ciently  large  to  admit  of  the  frothing  and  fwelling  that  happen  at  the  com- 
mencement of  the  fuJfioh.  The  heat  muft  be  gentle,  becaufe  the  cryftals 
are  very  fufible,  and  the  acid  eafily  decompofed  and  driven  off.  It  requires  how- 
ever to  be  fomewhat  raifed  after  the  ebullition  has  ceafed.  As  foon  as  the  matter 
is  in  quiet  fuiion,  it  is  to  be  poured  into  a mould,  confiding  of  five  or  fix  fmall 
cylindrical  cavities,  by  which  it  acquires  the  form  of  fmall  pencils,  and  may 
conveniently  be  held  in  a cafe  inftead  of  touching  it  with  the  fingers. 

Lunar  cauftic  is  black,  which  feems  to  arife  from  part  of  the  acid  being  driven 
off,  and  a portion  of  the  filver  revived.  Its  caufticity  or  adtion  on  animal 
fubftances  appears  to  depend  on  the  ftrong  difpofition  of  the  filver  to  recover 
its  metallic  ftate,  and  consequently  is  a true  combuftion. 

CAUSTICITY.  All  fubftances  which  have  fo  ftrong  a tendency  to  combine 
with  the  principles  of  organized  fubftances,  as  to  deftroy  their  texture,  are  faid 
to  be  cauftic.  The  chief  of  thefe  are  the  concentrated  acids,  pure  alkalis,  and 
the  metallic  faks. 

CAWK.  A term  by  which  the  miners  diftinguifh  the  opake  fpecimens  of 
vitriolated  ponderous  earth,  or  marmor  metallicum.  See  Earth  Ponderous. 

CEMENT  COPPER.  Copper  precipitated  from  vitriolic  waters  by  iron. 
The  name  is  faid  to  be  derived  from  a vitriolic  water  in  Hungary  called  Ziment.- 

CEMENTATION.  A chemical  procefs  which  confifts  in  furrounding  a 
body  in  the  folid  ftate  with  the  powder  of  fome  other  bodies,  and  expofing  the 
whole,  for  a time,  in  a clofed  veffel,  to  a degree  of  heat  not  fufficient  to  fufe 
the  contents.  Thus  iron  is  converted  into  fteel  by  cementation  with  charcoal : 
green  bottle  glafs  is  converted  into  porcelain  by  cementation  with  fand,  &c. 
See  Iron,  Porcelain. 

The  effe&s  of  cementation  appear  to  be  chiefly  produced  by  one  or  more  of 
the  bodies  being  converted  into  vapour,  and  afting  upon  the  others.  The 
change  in  the  folid  is  chiefly  attended  to.  The  powder  is  called  by  the  name  of 
a cement. 

CENTAURY.  The  leaves  of  the  leffer  centaury  contain  a bitter  fubftance, 
foluble  in  water  and  in  ardent  fpirit.  The  green  colour  .of  the  plant  refides  in 
the  refinous  part,  being  extrafted  by  ardent  fpirit,  but  not  by  water. 

CERUSE,  or  WHITE  LEAD.  A calx  of  lead  produced  by  expofing  this 
metal  to  the  vapours  of  vinegar.  To  prepare  this  colour,  the  lead  is  caft  into 
plates  about  one  twentieth  part  of  an  inch  thick,  four  or  five  inches  wide,  and 
two  feet  long.  Thefe  are  rolled  up  in  a fpiral  form,  in  fuch  a manner  that  the 
fpace  of  half  an  inch  is  left  between  each  revolution.  They  are  then  placed  in 
earthen  pots  which  have  three  projedlions  within,  to  prevent  them  from  refting 
on  the  bottom.  Some  good  vinegar  is  then  poured  in,  fo  as  to  reach  no  higher 
than  the  lower  edge  of  the  leaden  fpiral,  and  the  pots  are  then  buried  in  dung 
beneath  fheds.  A great  number  of  thefe  are  difpofed  befide  each  other,  each 
pot  being  covered  with  a leaden  plate  and  boards,  by  which  contrivance  the 
number  of  pots  is  multiplied  by  placing  them  above  each  other  in  ftrata.  At 
the  expiration  of  a month  or  fix  weeks  they  are  taken  out,  and  the  white  lead 
feparated  by  unrolling  the  coils.  It  is  then  ground  in  mills,  and  dried  in  thefhade 
for  ufe. 

Some  writers  diftinguifh  this  calx  by  the  name  of  white  lead,  and  apply  the 
term  cerufe  to  denote  a mixture  of  white  lead  and  chalk. 
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Lead  is  found  native  in  the  form  of  cerufe,  or  the  white  calx. 

CERUSE  OF  ANTIMONY.  A white  calx  of  this  femi-metal,  which  fe- 
parates  from  the  water  in  which  diaphoretic  antimony  has  been  wafhed. 

CHALCEDONY,  or  WHITE  AGATE.  A flint  of  a white  colour,  refem- 
bling  milk  diluted  with  water,  and  more  or  lefs  opake,  with  veins,  circles,  or  fpots. 
It  is  faid  to  be  fofter  than  the  onyx,  but  much  harder  than  the  agates  of  the  fame 
colour  as  the  onyx.  Bergman  obferves  that  it  varies  greatly  in  fpecific  gravity  ; 
from  2,5  to  4,6.  He  found  the  chalcedony  of  Ferro  to  contain  84  parts  fllex, 
and  16  clay. 

CHALK.  A very  common  fpecies  of  calcareous  earth,  of  an  opake  white 
colour,  very  foft,  and  without  the  leaft  appearance  of  a polilh  in  its  fradure.  Its 
fpecific  gravity  is  from  2,4  to  2,6,  according  to  Kirwan,  who  likewife  informs 
us  that  this  fubftance  contains  more  fixed  air  than  any  other  variety  of  the  cal- 
careous clafs ; generally  about  forty  per  cent.  It  contains  a little  flliceous  earth, 
and  about  two  per  cent  of  clay.  Some  fpecimens,  and  perhaps  moft,  contain  a 
little  iron,  and  Bergman  affirms  that  marine  fait  of  lime,  or  magnefia,  is  often 
found  in  it ; for  which  reafon  he  direds  the  powder  of  chalk  to  be  feveral  times 
boiled  in  diftilled  water,  before  it  is  diflolved  for  the  purpofe  of  obtaining  pure 
calcareous  earth.  Sciag.  Regni  Min.  § 92. 

CHALK,  RED.  This  is  a clay  coloured  by  the  calx  of  iron,  of  which  it 
contains  from  16  to  18  parts  in  the  hundred,  according  to  Rinman. 

CHALK,  SPANISH.  The  foap  rock,  or  lapis  ollaris,  is  frequently  diftinguilhed 
by  this  name. 

CHARACTERS  CHEMICAL.  Language  in  its  ufual  conftrudion  is  very 
far  from  being  capable  of  expreffing  our  conceptions  with  the  rapidity  and  per- 
fpicuity  neceffary  for  the  adequate  communication  of  ideas.  Writing  is  Rill 
flower  and  lefs  perfed.  But  as  the  language  and  the  writing  we  polfefs  are 
capable  of  fupplying  our  groffer  and  more  immediate  wants,  it  is  much  to  be 
feared  that  neither  the  one  nor  the  other  will  ever  be  carried  to  thofe  degrees  of 
perfedion  of  which  they  are  certainly  fufceptible.  A few  attempts  have  never- 
thelefs  been  made  from  time  to  time;  but  they  have  in  general  been  fruftrated 
by  the  indolence  of  the  multitude,  who  are  at  all  times  more  difpofed  to  ufe  a 
bad  inftrument  than  take  the  trouble  to  learn  the  ufe  of  a good  one.  The 
chemical  charaders  are,  in  fome  meafure,  an  inftance  of  this.  They  were  in- 
vented by  the  earlier  chemifts,  probably,  with  no  other  view  than  to  fave  time  in 
writing  the  names  of  fubftances  that  frequently  occurred,  in  the  fame  manner  as  we 
avoid  repetitions  by  the  ufe  of  pronouns.  But  the  moderns  feem  to  have  confidered 
them  as  relics  of  alchemiftical  obfcurity,.  and  have  almofl  rejeded  thdr  ufe, 
without  enquiring  whether  they  may  not  poffefs  advantages  far  fuperior  to  thofe 
of  the  common  literal  enunciation. 

We  need  not  have  recourfe  to  the  remote  field  of  Chinefe  literature,  to  fhew 
how  admirably  the  fimplicity,  relative  pofition  and  connedion  of  charaders  are 
calculated  to  exprefs  ideas,  at  one  glance  of  the  eye,  with  a degree  of  accuracy 
and  precifion  not  to  be  obtained  by  the  ufe  of  many  written  words.  Neither 
need  we  recur  to  the  fcience  of  algebra,  where  by  the  ufe  of  charaders  the  mind 
receives  the  proof,  and  affents  to  propofitions  almofl  inflantaneoufly,  which 
would  have  required  a long  feries  of  verbal  dedudions  in  any  other  way.  Our 
own  fcience,  chemiftry,  will  afford  us  inftances  of  the- moft  ftriking  nature.  The 
tables  at  the  end  of  Bergman’s  Eflay  on  the  Affinities  exhibit,  in  the  moft 
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fpeedy  and  intelligible  manner,  the  greater  part  of  many  volumes  of  chemical 
refults ; and  I know,  from  my  own  experience,  that  it  is  eafy,  by  a fimple  com- 
bination of  chemical  and  algebraical  chara&ers,  to  write  the  whole  contents  of  any 
chemical  work  in  the  fmall  margin  ufually  left  by  the  printer;  and  that  in  a manner 
fo  full,  clear,  and  perfpicuous,  that  whole  pages  may  be  read  and  underllood  in  a 
few  feconds.  This  will  be  readily  allowed  by  any  chemill  who  will  make  the 
trial,  and  will  be  done  with  eafe  by  thofe  who  are  acquainted  with  the  characters 
and  methods  of  the  two  fciences ; for  which  reafon  I hope  to  be  acquitted  of 
the  contemptible  fpirit  of  referve,  when  I fay  that  the  limits  of  the  prefent  work, 
and  a with  to  purfue  the  fubjeCt  a little  farther,  prevent  me  from  entering  into 
it  at  prefent. 

Characters  are  either  entirely  arbitrary,  or  they  have  fome  refemblance  to  the 
idea  they  reprefent.  The  latter  property  is  naturally  aimed  at,  where  it  can  be 
obtained,  becaufe  it  cannot  but  tend  to  aflift  the  memory.  Thus  a number  of 
dots  were  ufed  to  denote  fand  or  powder ; the  figure  of  a retort,  to  denote  the 
retort,  &c.  and  the  combination  of  characters  is  ufed  to  denote  fimilar  combina- 
tions of  the  fubftances  they  reprefent.  Very  little  of  fyftem  appears  in  the  ancient 
characters  of  chemifts  : the  characters  of  Bergman  are  chiefly  grounded  on  the 
ancient  characters,  with  additions  and  improvements.  But  the  characters  of 
Haflenfratz  and  Adet  are  fyftematical  throughout.  The  two  former  are  ex- 
hibited in  Plate  III,  and  the  latter  in  Plate  IV. 

CHARCOAL.  When  vegetable  fubftances  are  expofed  to  a ftrong  heat  in 
the  apparatus  for  diftillation,  the  volatile  principles  fly  off,  but  combuftion  does 
not  take  place  for  want  of  air.  The  fixed  refidue  is  the  inflammable  fubftance 
called  charcoal.  For  general  purpofes,  wood  is  converted  into  charcoal  by 
building  it  up  in  a pyramidal  form,  covering  the  pile  with  clay  or  earth,  and 
leaving  a few  air-holes,  which  are  clofed  as  foon  as  the  mafs  is  well  lighted  ; and 
by  that  means  the  combuftion  is  carried  on  in  an  imperfeCf  manner.  Common 
charcoal,  when  expofed  to  heat  in  the  diddling  apparatus,  gives  out  a fmall 
quantity  of  inflammable  air,  which  feems  extraneous  to  it,  or  may  arife  from 
decompofed  water.  But  if  it  be  burned  by  admitting  vital  air  into  an  inverted 
veflel,  the  volatile  produCt  is  found  to  be  fixed  air,  and  nothing  but  a very  fmall 
refidue  of  faline  and  earthy  matter  remains  behind.  That  the  produCt  is 
merely  fixed  air,  is  proved  by  abforbing  it  by  fixed  alkali.  The  whole  either 
difappears,  or  the  refidue  confifts  of  vital  air  as  pure  as  at  firft*. 

From  this  and  fimilar  faCts,  the  antiphlogiftian  chemifts  confider  the  acidifi- 
cation of  charcoal,  or  its  converfion  into  fixed  air,  or  the  aerial  acid,  as  a procefs 
exactly  of  the  fame  nature  as  the  acidification  of  fulphur,  or  of  phlogifticated  air, 
by  which  the  vitriolic  and  nitrous  acids  are  produced.  And  as  they  confider 
thofe  bafes  to  be  fimple  fubftances,  relative  to  the  ftate  of  our  knowledge,  which 
become  acidified  merely  by  combining  with  vital  air,  fo  likewife  they  account 
pure  charcoal  to  be  the  fimple  acidifiable  bafis  of  the  aerial  acid,  firft  called  fixed 
air.  The  phlogiftians  fuppofe  charcoal  to  afford  inflammable  air,  which  ac- 
cording to  them  forms  fixed  air  when  it  meets  with  vital  air,  itfelf  being  in  the 
nafcent  ftate. 

Charcoal  is  black,  fonorous,  and  brittle,  and  in  general  retains  the  figure  of  the 
vegetable  it  was  obtained  from.  If,  however,  the  vegetable  confifts  for  the  moft 
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part  of  water  or  other  fluids,  thefe  in  their  extrication  will  deftroy  the  connexion 
of  the  more  fixed  parts.  In  this  cafe  the  quantity  of  charcoal  is  much  lefs  than 
in  the  former.  The  charcoal  of  oily  or  bituminous  fubftances  is  of  a light  pul- 
verulent form,  and  rifes  in  foot.  This  charcoal  of  oils  is  called  lamp-black.. 

It  is  a remarkable  fa6t,  that  well-burned  charcoal  is  a conductor  of  ele&ricity  ; 
though  the  elefiric  matter  is  not  at  all  conveyed  through  wood  which  is  limply 
baked  or  deprived  of  moifture. 

Charcoal  refills  the  llrongell  heat  in  well  clofed  veflels.  If  it  be  ignited,  it 
abforbs  elaftic  fluids  with  great  avidity  as  it  cools ; and  it  retains  the  property  if 
cooled  by  immerfion  in  mercury,  the  abforption  being  equally  confiderahle  when 
it  is  afterwards  expofed  to  the  air. 

The  difpofition  to  be  burned,  which  in  the  ancient  theory  is  fuppofed  to 
confift  in  the  giving  out  of  phlogifton,  and,  in  the  modern  theory,  in  the  ab- 
forption of  vital  air,  is  fo  great  in  charcoal  that  it  performs  the  reverfe  of  corn- 
bullion  in  a great  variety  of  inllances.  Thus  it  converts  the  vitriolic  acid  into 
vitriolic  air  by  increafing  the  proportion  of  fulphur,  and  it  is  llrongly  adted  on  by 
the  nitrous  acid,  much  nitrous  air  being  extricated  at  the  fame  time.  The  ra- 
pidity with  which  nitrous  acid  adts  on  dry  charcoal  has  already  been  mentioned 
(page  41).  In  either  of  thefe  procelfes,  the  acid  either  combines  fuddenly  with 
the  phlogifton  of  the  charcoal,  or  the  vital  air  of  the  acid  combines  with  the 
charcoal  itfelf,  confidered  as  a fimple  fubftance. 

The  moll  violent  combuftion  or  detonation  of  charcoal  with  nitre,  in  which 
the  acid  is  entirely  decompofed,  may  be  explained  in  either  way  by  the  two 
theories.  See  Gunpowder. 

Alkalis  dilfolve  charcoal  in  the  dry  way,  and  liver  of  fulphur  unites  very 
readily  with  it,  either  in  the  dry  or  moift  way.  All  the  metallic  fubftances 
hitherto  known  are  more  combuftible  than  charcoal,  and  confequently  are  re- 
vived or  reduced  to  the  metallic  ftate,  by  being  heated  with  this  fubftance. 
This,  in  the  ancient  theory,  denotes  that  all  the  metals  attradl  phlogifton  more 
flrongly  than  charcoal  does  j but  in  the  new  theory  the  effedt  is  afcribed  to  the 
flronger  attradlion  of  charcoal,  which  deprives  all  metallic  calces  of  the  vital  aix 
which  combined  with  them  during  their  calcination. 

An  important  confequence  feems  to  follow  from  this  circumftance,  namely, 
that  there  may  exift  many  metallic  fubftances  whofe  combuftibility  may  be 
greater  than  that  of  charcoal,  and  which  confequently  are  unknown  to  us  as  fuch, 
becaufe  we  polfefs  no  means  of  reducing  them.  Thus  the  alkalis  and  earths  may 
confift  of  peculiar  combuftible  or  metallic  fubftances,  dephlogifticated  or  com- 
bined with  vital  air,  by  an  union  which  the  art  of  chemiftry  has  not  yet  found 
means  to  break. 

The  refidue  of  charcoal  burned  in  the  open  air  confifts  of  a fmall  quantity 
of  afhes,  which  contain  alkaline  and  neutral  falts.  The  vegetable  alkali  is  found 
in  the  afhes  of  various  plants,  and  is  known  under  the  names  of  pot-afh,  pearl- 
aft),  cendres  gravelees,  & c.  It  is  not  eafy  to  purify  it  by  a cheap  procefs  from 
the  neutral  falts  it  may  be  contaminated  with.  Mineral  alkali  is  found  in  the 
allies  of  none  but  marine  plants.  The  neutral  falts  found  in  the  afhes  of  vegeta- 
bles are  vitri. dated  tartar,  Glauber’s  fait,  felenite,  common  fait,  and  fait  of  Syl- 
vius. Calces  of  iron  and  manganefe,  with  an  earthy  fubftance,  compofe  the  info- 
luble  refidue.  What  this  earthy  fubftance  may  be,  has  not  been  determined  ; but 
it  moft  probably  confifts  of  fome  inioluble  earthy  fait,  fuch  as  phoi'phorated  lime. 
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CHATOYANT.  A term  applied,  by  the  French,  to  denote  that  affection 
of  femi-tranfparent  ftones  by  which  their  colours  vary  according  to  the  pofition 
of  the  eye  of  the  obferver.  We  have  not  a correfpondent  Englifh  word;  for 
which  good  reafon  this  word  has  been  adopted  by  feveral  writers  on  mineralogy. 

CHEESE.  It  is  a well  known  fad,  that  milk  confifts  of  butter,  cheefe,  a 
faccharine  matter  called  fugar  of  milk,  and  a fmall  quantity  of  common  fait, 
together  with  much  water.  Our  chemical  knowledge  of  this  fluid,  before  the 
time  of  Scheele,  confided  of  little  more  than  the  common  operations  of  the 
dairy,  and  the  refults  of  the  inaccurate  method  of  decompofition  by  fire.  This 
celebrated  chemift,  in  his  Efiay  on  Milk  and  its  Acid,  relates  a variety  of  in- 
terefting  experiments,  from  which  we  (hall  at  prefent  extract  fo  much  as  relates 
to  the  cafeous  part. 

If  any  vegetable  or  mineral  acid  be  mixed  with  milk,  the  cheefe  feparates, 
and,  if  affifted  by  heat,  coagulates  into  a mafs.  The  quantity  of  cheefe  is  lefs 
when  a mineral  acid  is  ufed.  Neutral  falts,  and  likewife  all  earthy  and  metallic 
falts,  feparate  the  cheefe  from  the  whey.  Sugar  and  gum  arabic  produce  the 
fame  effed;  Cauftic  alkalis  will  diffolve  the  curds,  by  the  affiftance  of  a boiling 
heat,  and  acids  occafion  a precipitation  again.  It  does  not  appear,  however, 
that  the  cheefy  part  is  diffolved  in  milk  by  means  of  an  alkali,  as  was  afcertained 
by  adding  an  acid  to  milk,  which  ought  to  have  produced  a neutral  fait,  if  this 
had  been  the  cafe,  but  did  not.  The  true  reafon  why  acids  caufe  the  cheefy 
matter  to  feparate  is,  that  they  combine  with  it,  and  form  a compound  much  lefs 
foluble  in  water  than  the  cheefe  itfelf.  Eight  parts  of  water  diffolved  one  part 
of  the  curd  precipitated  by  a mineral  acid  ; fo  much  of  the  acid  having  been  pre- 
vioufly  mixed  with  the  water  as  to  give  it  a four  tafte.  Vegetable  acids  have 
very  little  folvent  power  upon  curds.  This  accounts  for  a greater  quantity  of  curd 
being  obtained  when  a vegetable  acid  is  ufed. 

Scheele  thinks  that  neutral  falts,  gums,  and  fugar  produce  a coagulation  of 
curds  by  virtue  of  their  ftronger  attraction  for  the  water. 

He  confiders  cheefe  as  an  animal  gelatinous  fubftance,  or  rather  ferous  matter. 
For  we  would  with  to  confine  the  word  gelly  to  fuch  adhefive  animal  fubftances 
as  become  more  fluid  by  heat,  whereas  ferum  coagulates  at  a certain  temperature. 
He  found  that  curds,  after  repeated  abftradions  of  nitrous  acid,  left  a white  re- 
fidue  confiding  of  nitrated  lime  and  an  animal  earth.  This  animal  earth,  which 
may  be  fuppofed  to  be  phofphorated  lime,  amounted  to  one  tenth  of  the  whole 
weight. 

The  white  of  egg,  according  to  this  chemift,  is  nothing  eife  but  pure  cheefe. 
When  this  fubftance  is  coagulated  by  means  of  heat,  it  may  be  diffolved  by 
boiling  in  very  dilute  mineral  acids,  which  folution  is  again  precipitated  by 
adding  fome  concentrated  acid ; a phenomenon  that  likewife  happens  with  the 
aci-d  (elutions  of  curd  or  cheefe. 

CHEMISTRY.  It  is  ufual  with  writers  to  define  the  fcience  of  chemiftry 
before  they  proceed  to  treat  on  it.  It  feldom  happens,  however,  that  deferip- 
tions  of  very  complicated  objeds  can  poffefs  that  neatnefs  and  precifion  which 
are  effential  to  a good  definition.  Chemiftry  was  formerly  considered  as  a mere 
art,  at  prefent  it  is  juftly  regarded  as  one  of  the  moft  fublime  and  important  of 
the  Sciences.  In  its  object  it  embraces  the  whole  of  natural  phenomena,  there 
being  few  changes,  comparatively  fpeaking,  which  are  not  attended  with  fome 
effed  that  comes  under  the  consideration  of  this  fcience.  We  might  define  .it 
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negatively,  by  affirming  that  every  effeft  which  is  not  purely  mechanical  is  che- 
mical ; and  in  purfuance  of  this  view  of  the  fubjeft,  we  fhould  fay  that  chemiftr)', 
as  a fcience,  teaches  the  methods  of  eftimating  and  accounting  for  the  changes 
produced  in  bodies,  by  motions  of  their  parts  amongft:  each  other,  which  are 
too  minute  to  affedt  the  fenfes  individually ; and  as  an  art,  we  fhould  affirm  that 
it  confifts  in  the  application  of  bodies  to  each  other,  in  fuch  fituations  as  are  beft 
calculated  to  produce  thofe  changes. 

CHERT  or  CHERTZ.  Petrofilex  femipellucidus,  lapis  corneus,  hornftein 
of  the  Germans.  Chert  is  a femi-tranfparent  (lone  of  the  filieeous  kind.  It  is 
generally  lefs  hard,  and  of  a coarfer  texture  than  common  flints.  Large  quanti- 
ties of  chert  are  found  in  beds  of  lime-ftone,  as  flints  are  f jund  in  the  beds  of 
chalk;  with  this  difference,  that  flint  confifts  of  loofe  nodules,  and  chert  often 
forms  large  maffes  of  the  rock.  They  are  ufed  as  grinding-ftones  for  grinding 
calcined  flints  and  other  hard  fubftances,  but  have  too  fmooth  and  clofe  a 
texture  for  the  grinding  of  corn. 

CHRYSOCOLL A.  The  Greek  name  for  Borax,  which  fee.  The  ancients 
likewife  ufed  it  to  denote  Mountain  Green,  Viride  Montanum. 

CHRYSOLITE.  The  oriental  chryfolite  and  peridot  are  the  fame  gem. 
It  becomes  electric  by  being  rubbed  : its  form  is  prifmatic,  of  fix  and  fometimes 
of  five  ftriated  faces.  They  are  found  in  the  Eaft  Indies,  Brazil,  Bohemia, 
Saxony,  and  Spain  ; in  Bourbon  and  Auvergne  in  France;  and  in  Derbyfhire  in 
England.  Some  are  likewife  found  with  volcanic  lavas,  as  in  the  Vivarais,  where 
fome  large  lumps  have  been  feen  of  twenty  and  thirty  pounds  weight.  But  it  is 
remarkable,  that  fome  of  thefe  chryfolites  are  partly  decompofed  into  an  argilla- 
ceous fubftance. 

However,  all  chryfolites  are  far  from  being  of  the  fame  kind  : the  oriental 
ones  only  differ  on  account  of  their  green  hue,  from  thofe  fapphires,  topazes,  and 
rubies  of  the  fame  denomination.  Thefe  do  not  lofe  their  colour  or  their  tranf- 
parency  in  the  fire : but  the  chryfolite  either  becomes  opake  by  a ftrong  heat, 
or  is  entirely  fufible ; and  it  phofphorifes  in  the  inftant  it  melts,  like  the  balls  of. 
alum  and  gypfeous  fpar  : with  borax  it  produces  a thin  colourlefs  glafs. 

Its  fpecific  gravity  is  between  3,600  and  3,700:  according  to  Briffon,  and 
that  of  the  Spanilh  chryfolite  3,0989. 

Its  fubftance  is  lamellated  in  the  direction  of  the  axis  of  its  primitive  form  ; 
but  the  chryfolite  from  Saxony  is  foliated  in  a perpendicular  pofition  to  the 
fame  axis. 

The  chryfolite  of  the  ancients  was  the  fame  gem  which  is  now  called  topaz, 
and  the  name  of  itfelf  indicates  that  it  ought  to  be  fo.  Pliny  very  plainly  fays, 
(b.  37.  c.  9.)  that  the  colour  of  the  chryfolite  is  yellow  like  gold. 

CHRYSOPRASE.  Mr.  Achard  has  made  the  analyfis  of  chryfoprafe  from 
Kofeinitz  in  Silefia,  which  loft  its  colour  and  tranfparency  in  the  fire,  becoming 
cracked  and  white  in  its  furface,  but  without  melting.  Its  powder,  either  with 
fait  of  tartar,  mineral  alkali,  nitre,  or  borax,  gave  a diaphanous  glafs;  and  with 
other  fubftances  produced  opake  maffes  of  different  colours. 

The  chryfoprafe  is  of  a green  colour,  deeper  than  the  chryfolite,  but  with  a 
yellowifh  tinge,  inclining  to  blue,  like  the  green  leek,  as  Pliny  fays  (b.  37.  c.  8). 
Mr.  Achard  fays,  that  it  never  is  found  cryftallifed,  and  that  it  is  femi-tranf- 
parent. Mr.  Rome  de  Lille  reckons  it  amongft  the  quartz,  and  fays  that  its 
colour  is  owing  to  th«  mixture  of  cobalt,  as  it  gives  a fine  blue  glafs  when  fufed 
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with  borax,  or  with  fixed  alkali.  But  Mr.  Achard  found  the  glafs  of  a deep 
yellow,  when  the  fufion  was  made  with  borax;  and  that  it  really  contains  fome 
calx  of  copper  inftead  of  cobalt.  Mr.  Dutens  fays,  that  fome  gold  has  been 
found  in  this  kind  of  ftone  : but  this  laft,  in  all  probability,  belongs  to  fome 
other  clafs  of  fubftances,  viz.  to  the  vitreous  fpars. 

CINNABAR.  An  ore  of  mercury,  confiding  of  that  metal  united  with 
fulphur.  This  combination  is  alfo  made  by  art.  The  native  cinnabar  is  of 
different  fhades,  from  yellowifh  to  a deep  red,  and  even  black.  It  is  found  either 
in  hard  or  friable  maffes,  irregularly  figured  or  cryftallized  in  cubes  fometimes, 
though  rarely  tranfparent,  and  its  texture  is  either  radiated,  ftriated,  fcaly,  or 
granular.  One  hundred  parts  contain  pretty  regularly  eighty  parts  mercury  and 
twenty  fulphur.  In  clofed  veffels  it  fublimes  by  heat,  but  in  open  veffels  it  is 
decompofed. 

The  principal  cinnabar  mines  which  are  wrought  in  Europe  are  thofe  of  the 
Palatinate  and  thofe  of  Spain.  In  the  Palatinate  the  ore  is  decompofed  by  mix- 
ing it  vvith  one  third  of  its  weight  of  lime,  and  diftillation  in  iron  cucurbits  one 
inch  thick,  three  feet  nine  inches  long,  one  foot  wide,  with  an  aperture  of  five 
inches.  Thefe  veffels  are  difpofed  in  a gallery  ; forty-eight  being  arranged  in 
two  parallel  lines,  a fecond  row  above  the  firft.  An  earthen  pot  is  one  third 
part  filled  with  water,  ‘adapted  to  the  neck  of  each  cucurbit,  and  accurately 
luted  on.  The  gallery  is  heated  by  a fire  lighted  at  the  two  ends,  and  feveral 
apertures,  formed  in  the  upper  part,  ferve  the  purpofe  of  chimneys.  The  heat  is 
kept  up  for  ten  or  twelve  hours  before  the  procefs  is  finilhed. 

The  above  procefs  was  alfo  followed  at  Almaden  in  Spain,  till  the  year  1647, 
when  the  following  was  adopted  on  account  of  its  greater  fimplicity  and  economy. 
The  furnace  is  twelve  feet  high,  and  four  feet  and  a half  diameter  within.  At 
the  diftance  of  five  feet  and  a half  from  the  ground  is  an  arched  floor,  upon 
which  the  ore  is  depofited,  and  a fire  is  kindled  in  the  alh-hole.  The  fublimed 
mercury  efcapes  through  twelve  apertures,  formed  in  the'  upper  part  of  the 
laboratory.  To  thefe  apertures  rows  of  aludels  inferted  one  in  the  other  are 
adjufted,  and  difpofed  parallel  upon  a terrace,  which  terminates  in  a fmall 
building  feparated  into  as  many  chambers  as  there  are  files  of  aludels.  Each 
chamber  has  a cavity  in  the  middle,  to  receive  the  fmall  quantity  of  mercury 
which  may  arrive  to  that  diftance. 

Every  furnace  contains  two  hundred  quintals  of  cinnabar,  and  the  fire  is  kept 
up  for  three  days.  The  fulphur  which  burns  is  difengaged  in  the  form  of  ful- 
phureous  acid,  and  efcapes  through  fmall  chimneys  made  in  each  chamber. 
Every  repetition  of  the  procefs  affords  from  twenty -five  to  fixty  quintals  of 
mercury. 

The  mine  of  Almaden  has  been  wrought  from  time  immemorial.  Its  veins 
are  from  three  to  fourteen  feet  in  breadth  ; and  their  breadth  is  even  larger  where 
they  join. 

Artificial  cinnabar  is  known  in  commerce  by  the  name  of  vermilion,  and 
ought  to  be  ufed  in  all  cafes  wherein  this  compound  is  meant  to  be  applied 
to  medical  purpofes,  on  account  of  its  greater  purity.  The  manufacture  of  this 
pigment  has  long  been  in  the  hands  of  the  Hollanders,  who  kept  it  a fecret ; and 
as  there  is  fome  difficulty  in  perfectly  fucceeding  in  the  procefs,  chemical  writers 
have  given  various  methods  of  performing  it ; moft  of  which,  according  to 
Mr.  Tuckert,  are  innacurate.  This  gentleman  has  given  a full  account  of  the 
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method  ufed  at  Amfterdam,  which  I find  extracted  from  CrelFs  Chemical  Jour- 
nal, and  inferted  in  the  fourth  volume  of  the  Annales  de  Chimie.  Its  contents 
are  as  follow : 

The  manufactory,  at  which  Mr.  Tuckert  feveral  times  aflifted,  in  the  prepa- 
ration of  artificial  cinnabar,  is  without  the  Utrecht  port  at  Amfterdam,  and  is 
one  of  the  moft  confiderable  in  Holland.  Forty-eight  thoufand  pounds  of  ver- 
milion are  annually  made  in  three  furnaces  by  four  workmen,  befides  other  mer- 
curial preparations. 

The  ethiops  mineral  is  firft  prepared  by  mixing  together  1 50  pounds  of 
fulphur  with  1080  pounds  of  pure  mercury,  and  then  expofing  the  mixture  to  a 
moderate  heat  in  a flat-bottomed  polilhed  iron  veflel,  one  foot  in  depth,  and  two 
feet  and  a half  in  diameter : its  form  is  that  of  a chocolate  machine.  Mr. 
Tuckert  does  not  enter  into  the  particular  manipulations  of  the  Hollanders  in  this 
part  of  the  procefs,  becaufe  the  methods  of  producing  the  black  combination  of 
mercury  with  fulphur  are  well  known. 

The  mercurial  ethiops  thus  prepared  is  in  the  next  place  pounded,  in  order 
that  it  may  more  readily  be  put  into  fmall  earthen  bottles,  capable  of  holding 
each  about  24  ounces  of  water.  Thirty  or  forty  of  thefe  bottles  are  filled  to  be 
in  readinefs  for  the  fubfequent  operation. 

In  the  next  place  three  large  pots,  or  fublimatory  veflels,  made  of  clay  and 
very  pure  fand,  are  taken.  Thefe  veflels  are  previoufly  covered  with  a coating 
of  lute,  which  is  fullered  to'become  perfectly  folid  and  dry  before  the  veflel  is 
ufed.  Mr.  Tuckert  refers  to  a German  tranflation  of  a work  of  Mr.  Machy 
for  the  figure  of  thefe  veflels,  as  well  as  for  the  compofition  of  the  lute.  As 
we  have  not  that  tranflation,  it  is  impoflible  for  us  to  give  any  further  informa- 
tion on  thefe  heads  than  may  be  gathered  from  the  reft  of  his  memoir.  Thelc 
pots  are  placed  over  three  furnaces,  upon  iron  circles.  The  fublimatory  veflels 
may  be  of  different  fizes,  and  the  furnaces  are  conftruCted  in  fuch  a manner  as 
that  the  flame  circulates  freely  round  the  veflels  to  two  thirds  of  their  height. 

When  the  veflels  are  duly  placed  in  their  furnaces,  a moderate  fire  is  firft 
lighted,  which  is  gradually  raifed  until  they  become  red  hot.  The  fuel  is  turf, 
or  rather  peat,  commonly  ufed  throughout  the  United  Provinces.  As  foon  as 
the  veflels  are  red  hot,  a bottle  of  the  ethiops  is  poured  into  the  firft,  another 
into  the  fecond,  and  another  into  the  third.  In  the  fubfequent  progrefs  of  the 
operation,  two,  three,  and  perhaps  more  bottles  may  be  poured  in  at  a time ; 
but  this  depends  on  the  ftrength  of  the  inflammation  exhibited  by  the  ethiops  after 
its  introduction,  the  flame  of  which  fometimes  rifes  to  the  height  of  four,  and 
even  fix  feet.  When  this  is  a little  diminiflied,  the  mouth  of  the  veflel  is  covered 
with  a plate  of  iron,  one  foot  fquare,  and  an  inch  and  a half  thick,  which  per- 
fectly clofes  it.  In  this  way,  during  thirty-four  hours,  the  whole  of  the  prepared 
matter  is  introduced  into  the  three  pots ; that  is  to  fay,  for  each  pot  three  hundred 
and  fixty  pounds  of  mercury,  and  fifty  of  fulphur. 

After  all  the  ethiops  has  been  introduced,  the  fire  is  duly  kept  up  ; and  when 
the  whole  fublimation  has  taken  place,  it  is  fuffered  to  go  our,  which  requires 
thirty-fix  hours  from  firft  to  laft.  The  workmen  know  when  the  fire  is  too 
ftrong  or  too  weak  by  the  appearance  of  the  flame  when  the  iron  cover  is  taken 
off : if  too  ftrong,  the  flame  rifes  to  the  height  of  feveral  feet ; if,  on  the  con- 
trary, it  be  too  weak,  the  flame  barely  appears  playing  about  the  edges  of  the 
pot.  The  proper  degree  of  heat  is  when,  upon  taking  off  the  cover,  a brifk 
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flame  appears,  but  does  not  rife  more  than  three  or  four  inches  above  the 
opening. 

In  the  laft  thirty-fix  hours,  the  mafs  was  ftirred  every  quarter  or  half  hour 
with  an  iron  triangle,  to  accelerate  the  fublimation.  The  workmen  do  this 
with  fo  much  courage,  that  Mr.  Tuckert  was  every  time  apprehenfive  they  would 
fall  into  the  veflels. 

When  the  whole  is  cool,  the  veflels  are  taken  out  by  means  of  iron  circles, 
which  prevent  their  breaking.  The  cinnabar  is  taken  out  by  breaking  the 
vefiel.  Each  veflel  conftantly  affords  four  hundred  pounds  of  cinnabar,  the  lofs 
of  original  weight  in  each  being  ten  pounds. 

The  cinnabar  does  not  attach  itfelf  to  the  plates  of  iron,  becaufe  they  are  fo 
frequently  taken  off,  excepting  towards  the  end,  when  the  veflels  were  left  un- 
touched. Thefe  plates  are  not  in  the  leaft  corroded. 

The  workmen  were  Germans,  and  were  paid  as  follows.  The  foreman,  be- 
fides  his  lodging,  received  twelve  guilders  a week,  which  amount  to  twenty-two 
fhillings  and  nine-pence  of  our  money ; the  fecond  received  ten  guilders,  or 
eighteen  fhillings  and  three  pence ; the  third  and  the  fourth  received  fix  or 
feven  guilders.  They  relieve  each  other  night  and  day,  every  twelve  hours, 
except  holidays  and  Sundays,  fo  that  two  men  are  always  at  work. 

The  workmen  aflured  Mr.  Tuckert,  that  they  did  not  remember  any  accident 
having  happened  in  the  manufactory,  though  the  foreman  had  been  employed 
for  thirteen  years ; and  that,  in  cafe  of  an  accident,  the  whole  lofs  would  con- 
fin  in  the  broken  pot. 

Thefe  four  workmen  likewife  manufactured  on  the  fame  premifes  the  corro- 
live  fublimate  of  mercury,  and  the  red  calx  called  red  precipitate.  The  fore- 
man delivers  monthly  to  Mr.  Brand  the  cinnabar  and  other  products  of  the 
manufactory,  and  receives  in  exchange  fulphur,  mercury,  martial  vitriol,  common 
fait,  and  nitre. 

CINNAMON  is  the  bark  of  a tree  of  the  bay  kind,  growing  in  the  ifland 
Ceylon,  called  by  Hermann  laurus  zeylanicus  baccis  calliculatis.  Though  the 
bark  is  one  of  the  moft  grateful  fpices,  the  wood  is  infipid  and  inodorous,  and 
ufed  only  as  firewood  : the  root  is  impregnated  with  aromatic  matter,  and  yields 
in  diftillation  not  only  an  eflential  oil,  but  a portion  of  camphor.  The  bark  is 
taken  off  twice  a year;  in  the  fpring,  before  the  tree  begins  to  bloffom,  and  in 
autumn,  after  the  fruit  has  fallen.  It  is  taken  only  from  young  trees,  that  of  the 
old  being  woody  and  bitterifh. 

It  has  been  obferved  that  the  thin  membrane,  which  invefts  the  internal  fur- 
face  of  the  bark,  is  vaftly  ftronger  in  fmell  and  tafte  than  the  bark  itfelf.  Some 
fuppofe  that  the  aromatic  matter  is  originally  confined  wholly  to  this  membrane, 
and  thence  communicated  to  the  exterior  parts  in  drying.  Lemery  is  of  opinion 
that  cinnamon  receives  all  its  fmell  and  tafte  from  the  aCtion  of  the  fun  in  its 
exficcation.  This  can  be  no  otherwife  true,  than  as  the  aClive  parts  are  more  con- 
centrated by  the  diflipation  of  the  watery.  Hermann  aflures  us,  that  it  is  not  in 
the  fun,  but  in  the  (hade,  that  the  bark  is  dried. 

Cinnamon  has  a very  agreeable  pungent,  fomewhat  aftringent  tafte,  and  a de- 
lightful fmell.  Its  effential  oil  is  extremely  pungent  and  fiery,  but  in  fmall 
quantity,  fixteen  ounces  of  the  very  beft  cinnamon  l'carcely  yielding  two  fcruples 
and  a half.  The  diftilled  water  appears  milky,  and  retains  in  it  greateft  part 
of  the  oil,  which,  on  long  {landing,  it  depofites  to  the  bottom,  and  then  becomes 
6 clear. 


C I P 


C I V 


C 259  1 

clear.  Oftentimes,  though  feveral  pounds  of  cinnamon  be  committed  to  dif- 
tillation,  we  fhall  fcarcely  be  able  to  feparate  any  oil  till  the  water  has  been  kept 
for  fome  months.  Mr.  Stoll  of  Leipfick  pretends  to  have  a method  of  coher- 
ing all  the  oil  from  the  water  in  a very  little  time ; how  juflly,  I cannot  de- 
termine. If  this  Ihould  be  found  pradticable,  it  would  be  a very  ufeful  difcovery, 
provided  the  oil  received  no  injury.  The  Dutch,  who  are  maflers  of  the  fpice 
iflands,  are  the  only  perfons  who  prepare  the  oil  of  cinnamon  in  quantity ; but- 
it  never  comes  from  their  hands  unadulterated.  We  feldom  meet  with  oil  of 
cinnamon  that  holds  lefs  than  half  its  weight  either  of  exprefied  oil  or  of  fpirit  of 
wine. 

The  oil  of  this  fpice  does  not  arife  in  diflillation  with  re<ftified  fpirit : on  dif- 
tilling  pure  fpirit  from  cinnamon,  it  received  no  fenfible  impregnation ; on 
drawing  it  over  repeatedly  from  frelh  parcels  of  the  fpice,  it  fmelt  and  tailed  a 
little,  but  very  weakly.  An  extract  made  by  fpirit  contains  the  whole  of  the 
tafte  and  flavour  of  the  cinnamon.  The  watery  extradl  has  nothing  valuable ; 
fixteen  ounces  yield  two  or  more  of  fpirituous  extract,  and  about  one  and  a half 
of  watery. 

CIPOLIN.  The  cipolin  from  Rome  is  a green  marble  with  white  zones  : it 
gives  fire  with  Heel,  though  difficultly.  One  hundred  parts  of  it  contain  67,8 
of  mild  calcareous  earth,  25  of  quartz,  8 of  fhiftus,  0,2  of  iron,  befides  the  iron 
contained  in  the  Ihiftus.  The  cipolin  from  Autun  contains  83  parts  mild  calca- 
reous earth,  12  of  green  mica,  and  one  of  iron. 

CIRCUMCISION-STONE.  A variety  of  the  jade  or  jafpachates  which 
comes  from  the  Amazon  river.  It  melts  by  the  fokr  heat  into  a brown  opake 
glafs,  lefs  hard  than  the  Hone  itfelf. 

CIVET  is  colledled  betwixt  the  anus  and  the  organs  of  generation  of  a 
fierce  carnivorous  quadruped  met  with  in  China  and  the  Ealt  and  Well  Indies, 
called  a civet-cat,  but  bearing  a greater  refemblance  to  a fox  or  marten  than 
a cat. 

Several  of  thefe  animals  have  been  brought  into  Holland,  and  afford  a con- 
fiderable  branch  of  commerce,  particularly  at  Amflerdam.  The  civet  is 
fqueezed  out,  in  fummer  every  other  day,  in  winter  twice  a week  ; the  quantity 
procured  at  once  is  from  two  fcruples  to  a dram  or  more.  The  juice  thus 
colledled  is  much  purer  and  finer  than  that  which  the  animal  fheds  againflfhrubs 
or  Hones  in  its  native  climates. 

Good  civet  is  of  a clear  yellowifh  or  brownifh  colour,  not  fluid,  nor  hard,  but 
about  the  confidence  of  butter  or  honey,  and  uniform  throughout ; of  a very  flrong 
fmell,  quite  offenfive  when  undiluted,  but  agreeable  when  only  a fmall  portion 
of  civet  is  mixed  with  a large  one  of  other  fubflances. 

This  commodity  is  rarely  or  never  to  be  met  with  genuine,  notwithflanding 
the  fealed  bottles  in  which  it  is  purchafed  at  Amflerdam.  Nor  have  we  any 
certain  criteria  for  diflinguifhing  its  adulteration.  Some  look  upon  it  as  genuine, 
if  when  rubbed  upon  paper  it  finks  in,  without  leaving  any  thing  upon  the  fur- 
face  ; and  if,  when  melted  in  hot  water,  it  totally  fwims  at  top  : but  lard  and 
butter,  the  fubflances  principally  mixed  with  it,  have  both  thefe  properties 
equally  with  the  civet  itfelf. 

Civet  unites  eafily  with  oils,  both  exprefled  and  diflilled,  but  not  at  all  with 
fpirits  of  wine,  nor  with  water  : nor  is  it  rendered  mifcible  with  water  by  the 
mediation  of  fugar.  Boeder  relates,  that  fugar  and  rectified  fpirit  are  its  two 
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beft  menftrua ; but  he  has  certainly  never  made  the  experiment  with  either. 
The  yolk  of  an  egg  feems  to  difpofe  it  to  unite  with  water ; but  in  a very  little 
while  the  civet  feparates  from  the  liquor,  and  falls  to  the  bottom,  though  it 
does  not  prove  of  fuch  a refinous  tenacity  as  when  treated  with  lugar  and  fpirit 
of  wine. 

It  communicates,  however,  fome  fhare  of  its  fmell  both  to  watery  and  fpiri- 
tuous  liquors  ; hence  a fmall  portion  of  it  is  often  added  in  odoriferous  waters 
and  fpirits  j as  thofe  of  lilies  of  the  valley,  rofes,  rhodium  wood,  orange 
flowers,  orange  peel,  yellow  faunders,  &c.  The  Italians  make  it  an  ingredient 
in  perfumed  oils,  and  thus  obtain  the  whole  of  its  fcent  j for  oils  diffolve  the 
whole  fubftance  of  the  civet.  Neumann. 

CLAY.  See  Earth,  argillaceous. 

CLOVES.  The  pungency  of  cloves  refides  in  their  refin,  or  rather  in  a com- 
bination of  refin  with  effential  oil,  for  the  fpirituous  extraft  is  very  pungent  j 
but  if  the  oil  and  the  refin  contained  in  this  extradt  be  feparated  from  each  other 
by  diftillation,  the  oil  will  be  very  mild  ; and  any  pungency  which  it  does  retain 
proceeds  from  fome  fmall  portion  of  adhering  refin,  and  the  remaining  refin 
will  be  infipid.  No  plant,  nor  part  of  any  plant,  contains  fo  large  a portion  of 
effential  oil  as  cloves  do.  From  fixteen  ounces,  Neumann  obtained  by  diftillation 
two  ounces  and  two  drams ; and  Hoffman  obtained  from  the  fame  quantity  an 
ounce  and  a half.  The  oil  is  fpecifically  heavier  than  water. 

' CLYSSUS.  A word  formerly  ufed  to  denote  the  vapours  produced  by  the 
detonation  of  nitre  with  any  inflammable  fubftance.  It  was  prepared  by  ufing 
a tubulated  earthen  retort  capable  of  fupporting  the  fudden  application  of  ftrong 
heat,  together  with  a very  large  receiver,  pierced  with  a fmall  hole.  As  foon  as 
the  bottom  of  the  retort  had  become  red  hot,  a fmall  quantity,  between  60  and 
100  grains,  of  a mixture  of  nitre  and  charcoal  was  thrown  into  the  tube,  which 
was  immediately  afterwards  clofed.  Detonation  of  courfe  took  place  : the  elaftic 
product  confifting  of  fixed  air  from  the  charcoal,  and  phlogifticated  air  from  the 
nitrous  acid,  efcaped  for  the  moft  part  through  the  perforation  : and  a fmall 
quantity  of  fluid  was  condenfed  in  the  receiver,  confifting  either  of  the  mere 
water  of  cryftallization,  or  of  the  fame  water  contaminated  with  volatile 
alkali,  no  doubt  produced  by  an  union  of  phlogifticated  and  inflammable 
air. 

Other  clyfli  were  alfo  produced,  which  had  their  names  from  the  inflammable 
fubftance  made  ufe  of ; fuch  as  the  clyffus  of  antimony  and  the  clyffus  of  fulphur^ 
both  which,  if  the  materials  be  duly  proportioned,  are  merely  the  vitriolic  acid 
air,  or  fulphureous  acid.  See  Acid,  vitriolic  > alfo  Air,  vitriolic. 

COAL.  Vegetable  coals  are  commonly  diftinguifhed  by  the  name  of  char- 
coal, which  fee.  The  word  coal  is  with  us  almoft  exclufively  applied  to  denote 
mineral  or  pit  coal.  Of  this  there  are  many  varieties.  They  appear  to  confift  of 
petroleum,  confolidated  with  an  earth  chiefly  of  the  argillaceous  kind.  This 
ufeful  fubftance  has  been  diftinguifhed  into  many  varieties,  refpedling  which 
much  information  may  be  derived  from  the  Mineralogy  of  Kirwan,  or  more 
fully  from  that  of  Cronftedt.  The  legiflature,  however,  diftinguifh  only  two 
kinds  relative  to  the  duties  payable  thereon ; namely  culm,  and  caking  coal. 
The  former  does  not  confolidate  by  a kind  of  fufion  into  larger  maffes,  when 
heated,  as  the  latter  does,  and  cannot  therefore  be  applied  to  fuch  a variety 
of  ufes. 
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Pit-coal  is  ufually  found  in  ftrata  in  the  earth,  almoft  always  in  mountains  of 
fhiftus  or  grit.  It  appears  to  be  a general  opinion,  that  this  fubftance  owes  its 
origin  to  the  decompofition  of  vegetable  bodies.  And  indeed,  when  we  attend 
to  the  inflammable  fubftances  found  in  the  earth,  or  in  the  mineral  kingdom,  we 
may  perceive  that  very  few,  and  moft  probably  none  of  them,  can  be  truly  faid 
to  belong  to  it,  but  have  been  elaborated  in  the  bodies  of  animals  or  vegetables. 
From  the  turf  that  is  pared  from  the  furface  of  the  earth,  and  owes  its  inflamma- 
bility to  the  roots  of  vegetables  which  are  mixed  with  it,  we  may  defcend  to  the 
peat,  or  black  earth,  of  the  moors,  in  many  fpecimens  of  which  vegetable  re- 
mains are  (till  perceptible ; though  in  moft  they  appear  to  be  deprived  of  every 
appearance  of  their  organic  texture,  their  oily  and  inflammable  nature  only  re- 
maining ; and  from  thence  the  tranfition  to  pit-coal  is  eafy.  For  if  we  refleft 
on  the  vaft  revolutions  which  the  earth  has  certainly  undergone  through  a long 
courfe  of  ages,  by  means  of  which  its  furface  has  been  broken,  difplaced  and  in- 
verted, from  the  adlions  of  floods,  earthquake,  and  the  great  convulfions  of 
nature  caufed  by  volcanic  eruptions,  it  will  be  no  improbable  inference  that  the 
thin,  though  extenfive  ftrata  of  pit-coal,  as  well  as  the  exfudations  of  naphtha, 
petroleum,  and  their  modifications,  have  all  arifen  from  the  burying  of  extenfive 
woody  tradts  of  the  furface,  fuch  as  are  common  in  all  uncultivated  countries. 
And  this  probability  will  be  reduced  to  a certainty  when  we  advert  to  the  na- 
tural hiftory  of  pit- coal  which  is  met  with  in  all  the  various  ftates  of  transforma- 
tion. Whole  trees  are  converted  into  pit-coal,  in  fuch  quantities  together  as  to 
exhibit  entire  forefts ; in  which  the  roots,  trunks,  branches,  bark,  and  even 
fpecies,  are  difcernible. 

Coal  pits  and  flate  quarries  exhibit  innumerable  marks  of  impreflions  of 
leaves,  and  other  indications  of  their  vegetable  origin  ; and  the  analyfis  of  this 
combuftible  fubftance  tends  ftill  further  to  confirm  this  truth.  On  the  other 
hand,  if  we  attend  to  fuch  inferences  as  chemical  theory  might  point  out  from 
the  fadts  around  us,  we  (hall  fee  how  fmall  the  probability  is,  that  the  mineral 
kingdom  fliould,  after  a certain  limited  time,  contain  inflammable  bodies,  if 
they  were  not  occasionally  thrown  into  it,  in  confequence  of  the  operations  carried 
on  within  organized  fubftances.  For  all  inflammable  fubftances,  tending  to  de- 
compofe  the  viral  air  of  the  atmofphere,  would,  in  procefs  of  time,  revert  to 
the  clafs  of  uninflammable  bodies,  if  the  operation  of  organized  bodies,  particu- 
larly of  the  vegetable  kind,  did  not  tend  to  difengage  the  vital  air  again,  and 
render  bodies  combuftible,  which  were  not  fo  when  they  became  parts  of  thofe- 
fubftances. 

COATING,  or  LORICATION.  Glafs  being  a brittle  fubftance,  and  at 
the  fame  time  a bad  condudlor  of  heat,  is  always  liable  to  be  broken  by  the  ex- 
panfion  of  its  outer  furface,  where  heat  is  fo  Suddenly  applied  that  the  expanfion 
of  the  inner  part  does  not  immediately  take  place.  To  prevent  this,  and  alfo  to 
obviate  the  fame  inconvenience  arifing  from  variations  in  the  intenfity  of  the 
fire,  it  is  ufual  to  have  recourfe  either  to  a fand-bath,  or  to  coating  the  veflel. 

Retorts  may  be  coated  in  the  following  manner  : Take  of  find  and  clay  equal 
parts ; make  them  into  a thin  pafte  with  frefh  blood  prevented  from  coagu- 
lating by  agitation  till  it  be  cold,  and  diluted  with  water  ; add  to  this  pafte  fome 
hair  and  powdered  glafs ; with  a brufh  dipt  in  this  mafs  befmear  the  retort ; and 
when  this  firft  layer  is  dry,  let  the  fame  operation  be  repeated  twice  or  oftener,  till 
the  coat  applied  be  about  one  third  part  of  an  inch  thick. 
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Chaptal  recommends  a loft  mixture  of  marly  earth,  firft  foked  in  water,  and 
then  kneaded  with  frefh  horfe-dung,  as  a moft  excellent  coating. 

The  valuable  method  ufed  by  Mr.  Willis  of  Wapping  to  fecure  or  repair  his 
retorts  ufed  in  the  diftillation  of  phofphorus,  deferves  to  be  mentioned  here. 
The  retorts  are  fmeared  with  a folution  of  borax,  to  which  fome  flaked  lime 
has  been  added,  and  when  dry,  they  are  again  fmeared  with  a thin  pafte  of 
flaked  lime  and  linfeed  oil.  This  pafte  being  made  fomewhat  thicker,  is  ap- 
plied with  fuccefs,  during  the  diftillation,  to  mend  fuch  retorts  as  crack  by 
the  fire. 

COBALT  is  a femi- metal,  of  a whitifli  grey  or  fteel  colour,  hard  and 
brittle  ; of  a dull,  clofe-grained  fradure,  and  moderate  fpecific  gravity.  It  is 
rather  more  difficult  of  fufion  than  copper ; does  not  eafily  become  calcined ; 
and  its  calx  is  of  fo  deep  a blue  colour  as  to  appear  black.  The  moft  remark- 
able and  moft  valuable  property  of  this  metallic  fubftance  is,  that  its  calx,  when 
fufed  with  borax,  or  with  alkali  and  fand,  produces  a blue  glafs,  known  by  the 
name  of  fmalt.  The  adion  of  air  foon  tarnifhes  cobalt ; but  water  has  little  or  no 
effed  upon  it. 

Concentrated  and  boiling  vitriolic  acid,  diftilled  nearly  to  drynefs,  combines 
with  this  femi-metal.  Much  vitriolic  acid  air  flies  off ; and  the  cobalt  is  in  part 
calcined,  and  in  part  converted  into  a cryftallizable  fait,  foluble  in  water,  and 
precipitable  by  lime  and  by  alkalis  in  the  form  of  a rofe-coloured  powder  or  calx. 
Diluted  vitriolic  acid  ads  upon  the  calx  of  cobalt,  and  forms  the  fame  fait. 

Nitrous  acid  diffolves  cobalt  by  the  affiftance  of  a moderate  heat.  Nitrous 
air  is  difengaged,  and  the  folution  affords  deliquefcent  cryftals  by  evaporation, 
which  do  not  detonate  on  ignited  coals,  but  boil  up  and  leave  a red  calx.  Lime 
and  the  alkalis  precipitate  the  folution  ; and,  if  the  alkali  be  added  in  excefs,  it 
diffolves  the  precipitate. 

The  marine  acid  has  fcarcely  any  adion  on  cobalt,  unlefs  it  be  boiling ; in 
which  cafe  it  diffolves  a fmall  portion.  It  diffolves  the  calx  more  readily,  with 
which  it  forms  a red  brown  fluid,  that  becomes  green  when  heated.  This  folu- 
tion affords  deliquefcent  cryftals  by  evaporation. 

Aqua  regia  diffolves  cobalt  more  eafily  than  the  marine,  though  not  fo  readily 
as  the  nitrous  acid.  This  folution  is  well  known  as  one  of  the  moft  celebrated 
fympathetic  inks  afforded  by  chemiftry.  If  it  be  diluted  with  a fufficient  quan- 
tity of  water  to  prevent  its  adion  upon  paper,  and  then  ufed  to  write  with,  the 
letters  are  invifible  as  foon  as  the  clear  folution  has  become  dry  ; but,  if  the  paper 
be  held  to  the  fire  for  a fhort  time,  they  appear  of  a fine  green  colour;  which 
again  difappears  by  removing  it,  and  differing  it  to  cool  again.  If  the  heat  be 
continued  too  long  after  the  letters  appear,  it  will  render  them  permanent.  This 
effed  feems  to  be  analogous  to  that  which  obtains  in  the  marine  folution  : but 
none  of  the  efficient  caufes  of  change  of  colour  in  this,  or  any  other  chemical 
phenomenon,  have  been  hitherto  explained. 

The  acid  of  borax  does  not  ad  immediately  on  cobalt,  in  the  humid  way  : 
but  borax  itfelf,  added  to  either  of  the  foregoing  folutions,  effeds  a decompo- 
fition  by  double  affinity  ; the  alkali  uniting  with  the  folvent  acid,  while  the 
acid  of  borax  feizes  the  cobalt,  and  forms  a fcarcely  foluble  compound,  which 
falls  down. 

The  acid  of  fugar  precipitates  cobalt  from  its  folutions,  in  the  form  of  a pale 
xofe-  coloured  powder. 
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Whether  alkalis  or  earths  combine  with  this  metal  direftly,  by  the  intervention 
of  water,  has  not  been  determined. 

Cobalt  does  not  aft  on  neutral  falts  in  general.  It  detonates  feebly  with  nitre, 
when  projefted  into  a red  hot  crucible,  with  twice  or  thrice  its  weight  of  that  fait. 
The  metal  becomes  calcined  by  the  aft  ion  of  the  nitre  ; but  the  changes  in  both 
fubftances  require  farther  examination. 

Sal  ammoniac  is  not  decompofed  by  cobalt. 

Sulphur  does  not  unite  with  cobalt  but  with  difficulty.  Liver  of  fulphur  com- 
bines more  readily  with  it.  The  aftion  of  phofphorus,  or  its  acid,  on  this  fub- 
ftance,  remains  to  be  afcertained. 

This  femi-metal  unites  by  fufion  with  mod  of  the  metals  and  femi-metals,  as 
has  before  been  noticed.  Silver,  lead,  and  bifmuth,  do  not  mix  with  it ; and 
zinc  does  not  but  with  great  difficulty. 

Cobalt  is  found  native  in  alloy  with  arfenic  and  iron,  and  of  a fteel-grained 
appearance  when  broken  ; or  in  a calciform  ftate,  of  a black  colour,  either  pub 
verulent  or  indurated;  or  combined  with  arfenical  acid,  in  the  flowers  of  cobalt,, 
of  a red  colour  ; or,  laftly,  united  to  fulphur  and  iron,  with  or  without  arfenic, 
of  various  (hades  of  rednefs.  Bifmuth,  nickel,  and  other  fubftances  are  contained 
in  thefe  ores.  They  may  in  general  be  diftinguilhed  by  folution  in  aqua  regia  ; 
with  which,  after  dilution  with  water,  they  form  the  fympathetic  ink  above 
defcribed. 

The  native  cobalt,  and  its  calciform  or  fulphureous  ores,  may  be  examined 
by  folution  in  aqua  regia,  and  evaporation  to  drynefs ; after  which,  the  calcined 
cobalt  may  be  diffolved  by  vinegar.  When  this  calx  is  precipitated  by  mild 
mineral  alkali,  the  regulus  may  be  accounted  for,  by  allowing  one  hundred  grains 
for  every  hundred  and  fixty  grains  of  precipitate.  The  other  component  parts 
of  the  refidue,  not  taken  up  by  the  vinegar,  may  be  afcertained  by  the  ufuai 
methods.  The  red  arfenical  cobalt  ore,  which  contains  arfenical  acid,  may 
be  decompofed  by  vitriolic  acid  ; and  the  difengaged  arfenical  acid  will  be 
taken  up  by  highly  reftified  fpirit  of  wine;  after  which,  the  combination  of 
vitriolic  acid  and  cobalt  may  be  diffolved  in  water,  and  precipitated  by  mild 
alkali : or  the  ore  itfelf  may  be  diffolved  in  water,  fharpened  by  am  acid.;  and 
the  calx  be  then  precipitated  by  the  alkali. 

In  the  dry  way,  the  ores  of  cobalt,  after  previous  pounding,  wafhing,  and 
roafting,  may  be  fufed  with  three  times  their  weight  of  black  flux,  in  a lined  and 
.covered  crucible,  by  the  heat  of  a fmith’s  forge.  Thetingeing  power  of  cobalt 
ores  may  be  affayed  by  fufion  with  three  parts  of  fixed  alkali,  and  five  of  pow- 
dered flint  or  glafs.  The  alkali  muft  be  put  firft  into  the  crucible,  next  the  flint, 
and,  above  all,  the  roafted  ore.  When  cobalt  ores,  containing  bifmuth,  are 
reduced,  this  femi-metal  ufually  occupies  the  lower  part  of  the  crucible,  and  may 
be  feparated  from  it  by  a blow  with  a hammer ;.  or  at  leaft.  by  eliquation,  or 
melting,  on  account  of  its  greater  fufibility. 

Cobalt  is  found  in  feveral  parts  of  Europe,  but  moft  plentifully  on  the  fouthern 
border  of  France  and  in  Saxony.  The  ore  is  ufually  broken  into  pieces  about 
the  fize  of  a hen’s  egg,  and  the  ftony  parts  picked  out.  The  forted  mineral  is 
then  pounded  in  mills,  and  fifted  through  wire  fieves.  By  wafhing  in  water,  the 
lighter  parts  are  carried  off ; and  the  remainder  is  calcined  in  a furnace  re^- 
fembling  an  qven,  wherein  it  is  heated  by  the  aftion  of  the  reverberated  flame 
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of  wood  which  plays  upon  it.  In  this  fituation,  it  is  occafionally  ftirred  with  long 
iron  rakes;  and  emits  fumes,  confiding  chiefly  of  arfenic,  which  is  colleAed  in 
a long  horizontal  chimney,  built  for  that  purpofe.  If  the  ore  contains  bifmuth, 
this  fufible  femi- metal  is  colleAed  at  the  bottom  of  the  furnace.  The  cobalt, 
after  a fufficient  torrefaAion,  remains  in  the  form  of  a dark  grey  calx,  called 
zaffre.  The  zaffre  of  commerce  always  contains  twice  or  thrice  its  weight  of 
powdered  flints.  The  flint  is  pulverized  for  this  and  other  purpofes  by  means  of 
previous  ignition,  and  quenching  in  water,  which  renders  it  friable.  Smalt  is  a 
blue  glafs,  compofed  of  one  part  of  the  calcined  cobalt,  fufed  with  two  of  the  flint 
powder,  and  one  of  pot-alh. 

The  ufe  of  this  metallic  fubftance  is  confined  chiefly  to  the  production  of  the 
blue  glafs  for  enamels,  and  other  purpofes.  Powder  and  done  blue,  ufed  by 
laundrefles,  is  a preparation  made  by  the  Dutch  from  the  coarfe  fmalt. 

COCHINEAL  was  at  firfl  fuppofed  to  be  a grain,  but  naturalids  foon 
difcovered  that  it  was  an  infeA.  It  is  brought  to  us  from  Mexico,  where  the 
infeA  lives  upon  different  fpecies  of  the  opuntia.  The  body  of  the  female  is  flat 
on  the  belly,  and  hemifpherical  on  the  back,  and  marked  with  tranfverfe  wrinkles. 
The  Ikin  is  of  a dark  brown,  the  mouth  is  a tubular  point  which  ilfues  from  the 
fide  of  the  thorax  ; it  has  fix  very  fhort  brown  legs  and  no  wings  : the  body  of  the 
male  is  rather  long,  of  a deep  red  colour,  and  covered  with  two  wings  extending 
horizontally,  and  eroding  a little  upon  the  back  : it  has  two  fmall  antenna?  on 
the  head,  and  fix  legs,  which  are  larger  than  thofe  of  the  female ; it  has  not  a 
direA  flight,  but  flutters,  hopping  very  feldom : its  life,  which  is  only  of  a month’s 
duration,  terminates  by  its  amours  ; and  the  fecundated  female  lives  a month 
longer,  and  dies  after  parturition  : the  female  is  fometimes  oviparous  and  fome- 
times  viviparous.  The  young  females  when  brought  forth  difperfe  themfelves 
upon  the  joints  of  the  opuntia,  where  they  remain  fixed  by  their  trunk  (trompe) 
till  the  end  of  their  life. 

Two  forts  of  cochineal  are  gathered  at  Mexico,  the  fylveftris,  there  known  by 
the  Spanifh  name  grana  fylveftra,  and  the  fine,  or  grana  fina,  called  alfo  mefte- 
que,  from  the  name  of  a province  in  Mexico,  and  which  are  bred  upon  the 
nopal.  The  firft  is  fmaller,  and  covered  with  a cottony  down,  which  increafe* 
its  weight  with  a fubftance  which  is  ufelefs  in  dying  : an  equal  weight  of  it  there- 
fore gives  lefs  colour,  and  is  of  a lower  price  than  the  fine  cochineal ; but  thefe  dif- 
advantages  are  perhaps  compenfated  by  its  being  reared  with  greater  facility,  and 
at  lefs  expence,  and  even  by  the  effeAs  of  its  down,  which  enables  it  better  to  re- 
fill rain  and  ftorms. 

The  coch.  fylveft.  when  bred  upon  the  nopal,  lofes  part  of  its  tenacity,  and 
fome  of  its  cotton,  and  acquires  double  the  fize  it  has  on  the  other  fpecies  of 
opuntia.  It  is  therefore  to  be  hoped  that  it  might  be  improved  by  a continued 
attention  to  the  rearing  of  it,  and  would  approach  more  and  more  to  the  fine 
cochineal. 

M.  Thieri  de  Menonville  was  led  by  his  patriotic  fpirit  and  perfonal  courage 
to  expofe  himfelf  to  imminent  danger,  in  going  to  obferve  the  mode  of  rearing 
the  cochineal  in  Mexico,  in  order  to  obtain  from  thence  that  valuable  pro- 
duAion,  wherewith  he  might  enrich  the  colony  of  St.  Domingo.  He  brought 
back  with  him  both  fpecies  of  cochineal,  and  nopals,  the  kind  of  opuntia  which 
Affords  the  beft  food  for  thefe  infeAs. 

Upon 
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Upon  his  return,  he  employed  himfelf  in  the  cultivation  of  the  nopal  and 
different  kinds  of  opuntia,  and  in  rearing  the  two  fpecies  of  cochineal ; but  death 
cut  off  that  excellent  citizen,  and  the  fine  cochineal  foon  perilhed. 

When  he  returned  to  St.  Domingo,  he  difcovered  the  cochinilla  fylveftris 
upon  a kind  of  opuntia  called  perefchia,  or  patte  de  tortue,  which  grows  there. 
This  difcovery  did  not  remain  unprofitable  : M.  Bruley  employed  himfelf  fuc- 
cefsfully  in  rearing  this  fpecies  of  cochineal ; he  communicated  it  to  the  Cercle 
des  Philadelphes*,  who  do  not  lofe  fight  of  that  objedt,  and  have  publilhed  a 
pofthumous  work  of  M.  Thieri  de  Menonville,  which  contains  very  minute  in- 
ftru&ions  with  regard  to  every  thing  that  refpefts  the  cultivation  of  the  nopal, 
and  the  other  fpecies  of  opuntia  that  may  be  fubftituted  for  it  more  or  lefs  fuccefs- 
fully,  for  breeding  or  rearing  the  cochineal. 

Two  months  after  the  females,  which  have  been  referved,  are  fown  upon  the 
nopal,  the  young  cochineals  are'  obferved  to  iffue  from  them ; and  then  is  the 
proper  feafon  for  gathering  them  : they  are  killed  by  immerfion  in  boiling  water. 
The  hot  iron  plates  or  ovens  which  are  fometimes  employed  may  injure  the 
cochineal  by  being  too  hot.  When  taken  out  of  the  water,  they  are  care- 
fully dried  by  free  expofure  to  the  fun.  They  lofe  nearly  two  thirds  of  their 
weight  in  drying. 

When  the  fine  cochineal  is  dry,  it  muff  be  paffed  through  a fieve  fufficiently 
coarfe  to  allow  it  to  go  through,  but  capable  of  retaining  the  down  and  cotton 
of  the  larvte  of  the  males.  Thefe  are  kept  apart  and  fold  feparately,  or  with  the 
cochinilla  fylveftris. 

Fine  cochineal,  which  has  been  well  dried  and  properly  kept,  ought  to  be  of 
a grey  colour  inclining  to  purple.  The  grey  is  owing  to  a powder  which  covers 
it  naturally,  a part  of  which  it  ftill  retains  : the  purple  tinge  proceeds  from  the 
colour  extracted  by  the  water  in  which  it  has  been  killed. 

Cochineal  will  keep  a long  time  in  a dry  place.  Hellot  fays,  that  he  tried 
fome  one  hundred  and  thirty  years  old,  and  found  it  produce  the  fame  effedt 
As  new. 

The  decodtion  of  cochineal  is  of  a crimfon  colour,  inclining  to  violet. 

A fmall  quantity  of  vitriolic  acid  made  this  liquor  affnme  a red  colour,  in- 
clining to  yellow,  and  a fmall  quantity  of  a beautiful  red  precipitate  was  formed. 

Muriatic  acid  produced  nearly  the  fame  change  in  the  colour,  but  no  pre- 
cipitate. 

Solution  of  tartar  changed  the  liquor  to  a yellowilh  red.  A little  precipitate 
of  a pale  red  colour  formed  llowly  : the  fupernatant  liquor  remained  yellow  ; but, 
on  pouring  in  a little  alkali,  it  became  purple.  The  fmall  quantity  of  precipitate 
was  quickly  difl'olvejd  by  the  alkali,  and  the  folution  was  purple.  Solution  of 
tin  formed  a rofe-coloured  precipitate  with  the  yellow  liquor. 

Solution  of  alum  brightened  the  colour  of  the  infufion,  and  gave  it  a redder 
hue ; a crimfon  precipitate  was  formed,  and  the  fupernatant  liquor  retained  a 
crimfon  colour,  fomewhat  reddilh. 

Alum  and  tartar  mixed  produced  a brighter  colour,  more  lively,  and  inclining 
to  a yellowilh  red.  A precipitate  was  formed,  but  much  lefs  abundant,  and  much 
more  pale  than  in  the  preceding  experiment. 

* Now  the  Royal  Society  of  Arts  and  Sciences  at  Cape  Francois. 
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Solution  of  tin  produced  a copious  fediment  of  a beautiful  red.  The  liquor 
remaining  above  it  was  as  clear  as  water,  and  fuffered  no  change  of  colour  on 
adding  alkali. 

Having  poured  in  a folution  of  tartar,  and  after  that  a folution  of  tin,  a precipi- 
tate of  a rofe  colour,  inclining  to  black,  was  formed  more  quickly  than  in  the 
foregoing  experiment ; and,  though  folution  of  tin  in  excefs  was  added,  the 
fupernatant  liquor  remained  a little  yellow. 

Solution  of  common  fait  rendered  the  colour  fomewhat  deeper,  but  did  not 
make  the  liquor  turbid. 

Sal  ammoniac  gave  a purple  tinge,  without  occafioning  any  precipitate. 

Glauber’s  fait  produced  no  perceptible  change  in  the  liquor. 

Having  boiled  a little  cochineal  with  half  its  weight  of  tartar,  the  liquor  was 
more  inclining  to  red,  and  had  a colour  much  lefs  deep  than  that  obtained  from 
an  equal  quantity  of  cochineal  without  tartar ; but  the  former  gave  a more  abun- 
dant precipitate  with  folution  of  tin,  and  its  colour  was  more  rofy  ; fo  that  tartar 
favours  the  folution  of  the  colouring  part  of  the  cochineal ; for,  though  the 
colour  of  the  folution  is  lefs  deep,  the  precipitate  produced  from  it  by  folution 
of  tin  is  of  a deeper  and  more  rofy  hue.  This  experiment  deferves  notice,  in 
judging  of  the  influence  of  tartar  in  dying  fcarlet. 

Martial  vitriol  formed  a brown  violet  precipitate.  The  fupernatant  liquor  re- 
mained clear,  with  a tinge  of  feuille-mort. 

Vitriol  of  zinc  formed  a deep  violet  precipitate.  The  fupernatant  liquor  re- 
frained clear  and  colourlefs. 

Sugar  of  lead  produced  a purple  violet  precipitate,  lefs  deep  than  the  preced- 
ing. The  fupernatant  liquor  remained  limpid. 

Vitriol  of  copper  produced  a violet  fediment,  which  formed  flowly.  The  liquor 
remained  clear,  and  of  a violet  colour. 

If  the  extradt  which  decodtion  of  cochineal  affords  on  evaporation  be  digefted 
in  alcohol,  the  colouring  part  diflolves,  and  leaves  a refiduum  of  the  colour  of 
wine-lees,  of  which  frefh  alcohol  cannot  deprive  it.  This  refiduum,  analyfed  by 
fire,  affords  the  common  produdls  of  animal  fubftances. 

The.  alcohol  of  cochineal  leaves  on  evaporation  a tranfparent  refiduum  of  a 
deep  red,  which  when  dry  has  the  appearance  of  a refin.  This  alfo,  if  diftilled, 
yields  the  produdt  of  animal  fubftances ; which  fhews  that  the  colouring  matter  is 
an  animal  production. 

Y et  the  decodtion  of  cochineal  does  not  eafily  putrefy.  Berthollet  has  kept 
fome  of  it  more  than  two  months,  both  in  an  open  veflel  and  in  a bottle  corked. 
At  the  end  of  that  time  the  former  fhewed  no  figns  of  putrefadtion,  the  latter 
had  a flight  putrid  fmell.  The  firft  grew  turbid  in  a few  days,  and  left  a brown 
violet  fediment  on  the  filter  : the  fecond  preferved  its  tranfparency  a long  time, 
and  probably  loft  it  only  from  the  effedt  of  an  incipient  putrefadtion,  or  rather  of 
a flight  combuftion,  produced  by  means  of  a little  vital  air,  probably  united 
with  the  red  particles  of  the  cochineal.  The  colour  of  each  had  become  crim- 
fon ; but  that  of  the  former  was  more  weak,  becaufe  a greater  part  of  the  co- 
louring matter  had  precipitated,  in  confequence  of  the  effedts  produced  on  it  by 
the  air. 

A diftinguifhing  charadteriftic  between  cochineal  and  madder  may  be  ob- 
ferved  in  the  manner  in  which  they  are  adted  on  by  the  re-agents.  Both  receive 
a yellow  colour  from  adds ; but  if  the  colouring  matter  of  cochineal  be  feparated 
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by  a fubftance  which  precipitates  it  from  the  acid  liquor,  it  re-appears  with  its 
natural  colour  little  altered  ; whilft  that  of  madder,  treated  in  the  fame  manner, 
retains  a yellow  or  fawn  tinge.  Hence  mordants  abounding  in  acid,  as  folution 
of  tin,  are  much  more  fuccefsfully  employed  with  cochineal  than  with  madder. 
The  caufe  of  this  probably  is,  that  the  colouring  matter  of  madder  united  with 
oxyd  of  tin  retains  a portion  of  acid,  whilft  that  of  cochineal  combined  with  it  re- 
tains none,  ora  much  fmaller  quantity. — Bertholleton  Dying. 

COCKLE.  A Cornifh  mineral  term  applied  to  various  fubftances,  but 
moft  generally  to  the  fubftance  called  fchorl  orlhirl,  from  the  German,  which 
fee. 

COHESION.  The  power  by  which  the  parts  of  bodies  become  attached  to 
each  other,  and  form  confiftcnt  mafles.  We  know  fcarcely  any  thing  concern- 
ing attradlion  but  its  effects,  there  being  very  few  inftances  indeed  wherein  we 
can  confider  ourfelves  as  authorized  to  refer  this  property  to  any  more  remote 
caufe  deducible  by  our  refearches.  The  various  kinds  of  attraction  have  been 
clafted  relative  to  their  effects,  and  confldered  as  diftinCt,  and  in  a certain  fenfe 
independent  properties.  It  has  however  been  made  a queftion  by  chemifts  of 
undoubted  fagacity,  whether  all  attractions,  and  more  particularly  the  cohefive 
and  chemical  attractions,  ought  not  to  be  referred  to  one  general  property  of 
matter,  modified  by  variations  in  the  figures,  relative  diftances,  &c.  of  bodies. 
See  Attraction. 

COHOBATION.  It  is  frequently  required  in  chemical  operations,  that  a 
fubftance  fhould  be  for  a long  time  boiled,  or  digefted  in  a volatile  fluid  con- 
fiderably  heated.  This  neceflarily  fuppofes  a great  lofs  of  the  fluid,  if  the  opera- 
tion be  performed  in  an  open  veflel.  To  prevent  this  the  ancient  chemifts  em- 
ployed a kind  of  ftill,  called  a pelican.  The  head  of  this  veflel  was  provided 
with  two  beaks,  which  by  a gradual  incurvation  returned  into  the  body,  and 
conveyed  thither  whatever  volatile  matter  had  rifen  into  the  head,  and  there  be- 
came condenfed.  The  views  and  practices  of  the  moderns  do  not  require  thefe 
long  digeftions ; but  many  valuable  experiments  of  Prieftley  and  others,  of  the 
nature  of  repeated  diftillation,  have  been  made  by  a Ampler  apparatus.  A glafs 
tube,  three  or  four  feet  in  length,  fupplies  the  place  of  the  pelican.  A mineral 
acid  water,  or  any  other  requifite  fluid,  is  put  into  the  tube,  in  fuch  a quantity 
as  to  occupy  an  inch  or  more  of  its  lower  end;  the  upper  end  is  then  hermetically 
fealed,  and  heat  applied  to  the  lower  by  a fand  bath.  The  fluid  partly  rifes,  and 
is  partly  changed  in  other  refpefts  by  the  heat.  The  vapours  as  they  arrive 
towards  the  upper  part  of  the  tube  become  condenfed,  and  return  again  to  the 
lower  in  a kind  of  circulation  down  the  cooler  fide  of  the  veflel.  In  this  way 
Scheele  has  Ihewn  that  the  pretended  converfion  of  water  into  earth  by  repeated 
diftillation,  is  in  faCt  nothing  more  than  an  abrafion  or  decompofition  of  the 
glafs  veflels ; and  Prieftley  has  made  a variety  of  experiments  on  the  mineral 
acids. 

COKE.  See  Coal. 

COLCOTHAR.  The  brown  red  calx  of  iron  which  remains  after  the 
diftillation  of  the  acid  from  martial  vitriol  : it  is  ufed  for  polifliing  glafs  and 
other  fubftances  by  artifts,  who  call  it  crocus,  or  crocus  martis. 

COLD.  The  privation  of  heat.  See  Heat. 

COLOPHONY.  Colophony,  or  rofin,  is  the  refinous  refiduum  after 
the  diftillation  of  the  Jighc  oil  from  turpentine.  It  has  alfo  the  properties 
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of  other  refins,  and  the  fame  principles  may  be  obtained  from  it  by  ana- 
lyfis. 

COMBINATION.  When  two  bodies  unite  together  in  fuch  a manner  as 
that  moft  of  the  original  properties  of  the  bodies  refpedively  difappear, 
and  the  compound  exhibits  new  properties  not  immediately  deducible  from  thofe 
before  exifting,  the  bodies  are  faid  to  be  combined  together.  Combination  is 
therefore  the  moft  intimate  union  of  bodies,  and  is  to  be  diftinguifhed  from  the 
gr offer  union  called  mixture. 

COMBUSTION.  There  is  a remarkable  diftindion  in  bodies  with  regard 
to  the  effeds  of  heat  upon  them.  Some  bodies  will  admit  of  being  heated  to 
fuch  a degree  as  even  to  become  luminous  or  red  hot  without  any  permanent  or 
confiderable  change  of  their  properties  or  component  parts  ; and  as  foon  as  the 
communication  of  heat  ceafes,  the  bodies  immediately  begin  to  cool.  On  the 
other  hand  there  are  a great  number  of  bodies,  which,  when  heated  with  accefs 
of  vital  air  to  fuch  a degree  as  to  become  luminous,  undergo  a change  in  their 
properties,  infomucli  that  their  temperature  even  increafes,  and  they  continue  to 
give  out  heat  until  the  general  ftate  of  the  combination  of  their  parts  is  changed. 
Thefe  bodies  are  diftinguifhed  by  the  name  of  combuftible  bodies,  and  the  altera- 
tion produced  by  this  apparently  fpontaneous  produdion  of  heat  is  called 
combuftion. 

It  muft  always  have  been  a problem  of  the  firft  importance  in  natural  philo- 
fophy  to  afcertain  what  happens  in  combuftion.  The  divifion  of  fubftances 
into  combuftible  and  incombuftible,  is  as  ftriking  and  diftind  as  any  we  are  ac- 
quainted with  ; and  it  is  a natural  inference,  that  the,  one  clafs  of  bodies  muft 
pofl'efs  fome  general  property  or  identical  fubftance  not  to  be  found  in  the  other. 
The  philofophy  of  the  middle  ages,  probably  in  confequence  of  their  logical 
claffifications,  was  much  more  difpofed  to  attach  itfelf  to  fubftances  than  habi- 
tudes or  properties.  It  is  lefs  to  be  wondered  at,  therefore,  that  Beecher  and 
Stahl  fhould  have  afligned  a fubftance  eminently  combuftible,  or  fire  itfelf,  as 
refident  in  all  combuftible  bodies,  and  occafioning  the  difference  between  them 
and  other  bodies,  inftead  of  enquiring  whether  the  general  effed  might  not 
have  arifen  from  fome  effed  of  the  chemical  affinities.  Modern  chemifts  have 
however  very  amply  and  fuccefsfully  maintained  this  laft  dodrine.  Something 
like  party  has  arifen  in  the  difeuffion  of  this  great  queftion.  It  is  perhaps  the 
lot  of  humanity  that  apathy  fhould  attend  abfolute  impartiality,  or  the  abfence 
of  prejudice.  It  is  probable  that  the  bigotry  of  the  maintainers  of  what  is  now 
frequently  called  the  ancient  chemiftry,  and  the  impetuofity  of  the  cultivators  of 
the  new,  may  have  occafioned  a more  complete  difeuffion  of  the  fubjed,  than 
philofophers  whofe  paffions  were  lefs  animated  might  have  taken  the  trouble  to 
have  made.  But  there  is  one  evil  amongft  others  which  attends  the  fpirit  of 
party,  namely,  that  almoft  every  man  of  fcience  will  be  difpofed  to  rank  him- 
felf on  the  one  or  the  other  fide,  inftead  of  adhering  to  that  degree  of  neutrality 
which  the  pure  fads  might  otherwife  demand.  A writer  is  expeded  to  give  an 
account  of  his  chemical  creed,  and  of  courfe  becomes  lefs  credible  to  readers  of 
the  oppofite  party,  to  which  he  has  not  attached  himfelf.  And  on  the  other  hand, 
the  man  who  defpifes  party,  and  keeps  his  opinion  to  himfelf,  is  fuppofed  to  be 
aduated  by  fears  of  the  reigning  prejudices  of  the  country  he  lives  in  ; which,  if 
real,  would  do  little  credit  to  his  fpirit  and  principles  as  a defender  and  pro- 
pagator of  truth.  Thus  circumftanced  like  every  other  chemical  writer,  de- 
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cidedly  averfe  to  giving  up  any  part  of  that  claim  to  impartiality  which  every 
cultivator  of  moral  or  natural  philofophy  ought  to  maintain,  and  at  the  fame 
time  unwilling  to  pay  any  compliment  to  the  prejudices  either  of  ancient  or 
modern  chemifts,  it  appears  neceflary  to  fay,  that,  as  far  as  my  knowledge  ex- 
tends, I find  the  modern  or  anti-phlogiftic  doctrine  much  more  fimple  in  its 
application  to  the  fads,  and  confequently  much  more  probable  than  the  fyftem 
of  Stahl:  and  I believe  that  any  chemift,  who  will  take  the  trouble  to  ‘acquire 
the  habit  of  applying  the  one  dodrine  as  readily  as  he  does  the  other,  will  not 
fail  to  arrive  at  the  fame  conclufion.  After  this  preface,  I fhall  proceed  to  a fhort 
flatement  of  the  two  dodrines  as  applied  to  combuftion  in  general. 

The  modern  maintainers  of  phlogillon,  or  the  principle  of  inflammability,  do 
not  teach  exadly  the  fame  dodrine  as  Stahl.  This  chemift  fuppofed  combuftion 
to  conlift  in  the  efcape  of  fire  from  bodies.  Various  fads  have  compelled  the 
moderns  to  modify  this  pofition.  The  moft  generally  received  ftatement  is, 
that  a fubftance  called  phlogifton,  and  veryftrongly  attradive  of  vital  air,  refides 
in  all  combuftible  bodies ; that  a certain  degree  of  heat  weakens  the  adherence 
between  phlogifton  and  the  combuftible  fubftance,  and  confequently  difpofes  it 
to  a more  fpeedy  union  with  the  vital  air  of  the  atmofphere ; that  the  capacity 
of  vital  air  for  heat  is  diminifhed  by  this  union,  and  confequently  an  increafe  of 
temperature  follows,  which  ferves  to  accelerate  the  difengagement  of  more  of 
the  phlogifton ; and  in  this  way  heat  continues  to  be  extricated  until  the  body  has 
become  dephlogifticated,  or  incombuftible. 

The  modern  or  anti-phlogiftic  theory  is  exadly  the  fame,  excepting  that  in- 
ftead  of  fuppofing  combyftible  bodies  to  contain  a principle  of  inflammability 
which  attrads  the  vital  air  of  the  atmofphere,  it  infers  that  the  body  itfelf  attrads 
and  combines  with  that  air ; and  as  no  difficulty  enfues  from  this  ftatement,  it 
feems  clear  that  the  phlogifton  is  redundant  and  unneceflary  in  accounting  for 
the  effeds. 

The  confideration  of  thefe  dodrines  and  their  confequences  embraces  nearly’ 
the  whole  fcience  of  chemiftry  ; but  the  reader  may  more  efpeeially  recur  to  the 
articles,  Acids,  Metals,  Phlogiston,  and  Heat. 

CONCENTRATION.  This  term  is  ufed  to  denote  the  privation  of  a part 
of  the  water  ufually  contained  in  certain  fluids,  more  particularly  faline  folu- 
tions.  Thus,  by  evaporation  of  part  of  the  water  of  a folution  of  fea  fait,  we 
obtain  a concentrated  brine ; by  evaporation  in  a nearly  clofed  veffel,  or  by  dis- 
tillation, part  of  the  water  of  vitriolic  acid  is  driven  off,  and  the  remainder  is 
concentrated  vitriolic  acid.  Thus,  again,  if  vinegar  be  expofed  to  freeze,  the 
aqueous  part  congeals  firft,  leaving  the  concentrated  vinegar  behind. 

CONDENSATION.  The  approach  of  the  particles  of  a body  to  each  other, 
fo  as  to  caufe  the  whole  to  occupy  lefs  fpaee  than  before.  It  is  moft  commonly 
applied  in  chemiftry  to  denote  the  tranfition  from  the  vaporous  or  aerial  to  the 
folid  ftate,  as  happens  in  diftillation,  fublimation,  &c. 

CONGELATION.  The  formation  of  ice.  The  term  is  applied  in  general 
to  every  tranfition  from  the  fluid  to  the  folid  ftate.  Thus  we  fay  the  congelation 
of  acids  of  fulphur,  of  oils,  of  metals,  &c. 

CONE,  MELTING.  This  is  a hollow  cone  formed  of  copper  or  of  brafs, 
with  a handle,  and  with  a flat  bottom  adjoining  to  the  apex  of  the  cone,  upon 
which  it  is  intended  to  reft.  Its  ufe  is  to  receive  a mafs  of  one  or  more  metals 
melted  together  and  poured  into  it.  This  mafs,  when  cold,  may  be  eafily  ihook 
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out  of  the  cone  from  the  figure  of  the  veffel.  Alfo  if  a melted  mafs,  confiding 
of  two  or  more  metals,  or  other  fubftances  not  combined  together,  be  poured 
into  this  veffel,  the  conical  figure  facilitates  the  reparation  of  thefe  fubftances 
according  to  their  refpedtive  denfities.  The  cone  ought  to  be  well  heated  before 
the  melted  mafs  is  poured  into  it,  that  no  moifture  may  be  contained,  by  which 
a dangerous  explofion  might  be  occafioned.  It  ought  alfo  to  be  greafed  internally 
with  tallow,  to  prevent  the  adhefion  of  the  fluid  matter. 

CONTRAYERVA.  The  leaves  of  this  plant  are  faid  to  afford -a  poifon 
employed  by  Indians  for  poifoning  arrows,  to  which  poifon  the  root  of  the  faid 
plant  is  faid  to  be  an  antidote.  From  an  ounce  of  the  root,  Neumann  extracted 
with  water  three  drams  and  half  a fcruple ; and  from  the  fame  quantity  with 
fpirit  of  wine,  five  fcruples  and  two  grains. 

COPAL,  improperly  called  gum  copal,  is  a hard,  fhining,  tranfparent,  citron- 
coloured,  odoriferous,  concrete  juice  of  an  American  tree,  but  which  has  neither 
the  folubility  in  water  common  to  gums,  nor  the  folubility  in  fpirit  of  wine 
common  to  refins,  at  leaft  in  any  considerable  degree.  By  thefe  properties  it  re- 
fembles  amber.  It  may  be  diffolved  by  digeftion  in  linfeed  oil  with  a heat  very 
little  lefs  than  fufficient  to  boil  or  decompofe  the  oil.  This  folution,  diluted  with 
fpirit  of  turpentine,  forms  a beautiful  tranfparent  varnifh,  which,  when  properly 
applied  and  flowly  dried,  is  very  hard  and  very  durable.  This  varnifh  is  ap- 
plied to  fnuff- boxes,  tea-boards,  and  other  utenfils.  It  preferves  and  gives  luftre 
to  paintings,  and  greatly  reftores  the  decayed  colours  of  old  pictures  by  filling  up 
the  cracks  and  rendering  the  furfaces  capable  of  reflecting  light  more  uniformly. 

COPPER  is  a metal  of  a peculiar  reddifh  brown  colour;  hard,  fonorous, 
very  malleable  and  dudtile  ; of  confiderable  tenacity,  and  of  a moderate  fpecific 
gravity.  At  a degree  of  heat  far  below  ignition  the  furface  of  a piece  of 
polifhed  copper  becomes  covered  with  various  ranges  of  prifmatic  colours,  the 
red  of  each  order  being  neareft  the  end  which  has  been  moft  heated ; an  effeCt 
which  muft  doubtlefs  be  attributed  to  calcination,  the  ftratum  of  calx  being 
thickeft  where  the  heat  is  greateft,  and  growing  gradually  thinner  and 
thinner  towards  the  colder  part.  A greater  degree  of  heat  calcines  it  more 
rapidly,  fo  that  it  contracts  thin  powdery  feales  on  its  furface,  which  may  be 
eafily  rubbed  off ; the  flame  of  the  fuel  becoming  at  the  fame  time  of  a beautiful 
blueilh  green  colour.  In  a ftrong  white  heat,  nearly  the  fame  as  is  neceffary  to 
melt  gold  or  filver,  it  melts,  and  exhibits  a blueifh  green  flame ; by  a violent 
heat  it  boils,  and  is  volatilized  partly  in  the  metallic  ftate. 

Copper  rufts  in  the  air  ; but  the  corroded  part  is  very  thin,  and  preferves  the 
metal  beneath  from  further  corrofion. 

The  vitriolic  acid,  when  concentrated  and  boiling,  diffolves  copper.  A brown 
thick  fluid,  containing  calx  of  copper  and  a portion  of  the  calx  combined  with 
vitriolic  acid,  is  found  at  the  bottom  of  the  folvent.  If  water  be  added  to  this, 
it  forms  a blue  folution  of  copper,  which  by  evaporation  affords  blue  cryftals, 
that  require  about  four  times  their  weight  of  water  to  diffolve  them.  This  fo- 
lution lets  fall  a calx  of  copper  of  a green  colour  by  long  expofure  to  the  air. 

The  folutions  of  copper  in  vitriolic  acid  are  flightly  cauftic.  Magnefia,  lime, 
and  the  fixed  alkalis,  precipitate  the  metal  from  them  in  the  form  of  calx. 
Volatile  alkali  precipitates  all  the  folution  of  copper;  but  rediffolves  the  calx, 
and  produces  a deep  blue  colour.  Copper  is  precipitable  from  moft  of  its  folu- 
tions, in  the  metallic  ftate,  by  the  addition  of  iron ; a clean  plate  of  iron  foon 
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becomes  covered  with  a coating  of  copper,  when  immerfed  in  the  folution  : 
hence  the  volatile  alkali  and  the  application  of  iron  are  confidered  as  the  tefts 
of  the  prefence  of  copper.  There  are  certain  mineral  waters  in  Hungary, 
Sweden,  Ireland,  and  in  various  parts  of  England,  which  contain  vitriol  of 
copper,  and  from  which  it  is  precipitated  by  the  addition  of  pieces  of  old  iron. 

Nitrous  acid  dilfolves  copper  with  great  rapidity,  and  difengages  a large 
quantity  of  nitrous  gas.  Part  of  the  metal  falls  down  in  the  form  of  a calx ; 
and  the  filtrated  or  decanted  folution,  which  is  of  a much  deeper  blue  colour 
than  the  vitriolic  folution,  affords  cryftals  by  How  evaporation.  This  fait  is 
deliquefcent,  very  foluble  in  water,  but  moft  plentifully  when  the  fluid  is  heated. 
Its  folution,  expofed  to  the  air  in  fhallow  veflels,  depofites  a calx  of  a green 
colour.  Lime  precipitates  the  metal  of  a pale  blue ; fixed  alkalis  of  a blueifh 
white.  Volatile  alkali  throws  down  blueifh  flocks,  which  are  quickly  ^ediflolved, 
and  produce  a lively  blue  colour  in  the  fluid. 

Marine  acid  does  not  readily  diflolve  copper,  unlefs  it  be  concentrated  and 
boiling.  The  folution  is  of  a deep  brown  colour ; but  on  Handing  for  fome 
time  it  depofites  a fediment,  and  becomes  green.  By  careful  evaporation  it 
yields  cryftals ; or  when  infpiflfated,  it  affords  a greenifh  mafs,  which  deliquefces 
in  the  air,  is  readily  dilfolved  in  water,  gives  a green  tindure  to  ardent  fpirit, 
melts  in  a gentle  heat,  takes  fire  from  a candle,  and  burns  with  a blue  flame. 
The  marine  acid  diflolves  the  calces  of  copper  more  readily  than  the  metal  it- 
felf ; but  the  folution  does  not  differ  from  the  foregoing. 

Vegetable  acids  diflolve  copper  flowly  ; but  in  donfiderable  quantity,  if  re- 
fpirable  air  be  prefent.  In  this,  as  in  a number  of  other  metallic  folutions,  it 
appears  that  the  difpofition  of  the  air  to  calcine  the  metal  is  greatly  aflifted  by 
the  eledive  attradion  of  the  acid  for  the  metallic  calx.  Vinegar  does  not  dif- 
folve  copper  when  boiling,  becaufe  the  fteam  prevents  the  accefs  of  the  air;  but 
the  fame  acid  {landing  for  a day  in  a copper  veflel,  will  contract  a dangerous 
metallic  impregnation.  This  circumftance  accounts  for  the  unhappy  confe- 
quences  produced  in  fome  inftances  by  copper  veflels,  which  in  other  cafes  have 
produced  no  noxious  effeds.  Confectioners  boil  pickles,  and  even  lemon>juice, 
in  clean  copper  veflels,  without  obferving  any  bad  tafte  or  noxious  confequence 
to  follow.  We  cannot  however  avoid  heartily  concurring  in  the  general  opinion 
which  now  prevails,  in  the  rejection  of  copper  veflels  for  culinary  purpofes. 

Verdigris  is  a calx  of  copper,  prepared  in  large  quantities  near  Montpellier 
in  France  by  ft  ratifying  copper  plates  with  the  hulks  of  grapes  which  remain 
after  the  juice  has  been  prefled  out.  Thefe  foon  become  acid,  and  corrode  the 
copper.  A folution  of  this  calx  in  diftilled  vinegar  affords  permanent  cryftals, 
improperly  called  diftilled  verdigris. 

Fixed  alkalis  have  fome  aCtion  on  copper,  with  which  they  form  a light  blue 
folution.  This,  as  well  as  the  volatile  alkaline  folution,  appears  to  fucceed 
better  in  the  cold  than  by  the  afliftance  of  heat,  for  the  fame  reafon  as  the  cold 
acetous  acid  aCts  upon  copper ; namely,  the  facility  with  which  the  metal  is  cal- 
cined  by  the  accefs  of  air. 

Volatile  alkali  dilfolves  copper  with  much  greater  rapidity  than  fixed  alkalis, 
whether  it  be  in  the  metallic  or  calciform  ftate,  and  forms  a beautiful  blue  folu- 
tion. This  fluid  has  long  attracted  the  notice  of  chemifts,  on  account  of  its 
becoming  colourlefs  in  clofed  veflels;  and  recovering  its  colour,  which  gra- 
dually extends  from  the  furface  downwards,  when  the  veflel  is  opened.  This 
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cfled  is  explained  by  the  fnppofition,  that  the  perfed  folution  of  calx  of  copper 
in  volatile  alkali  is  colourlefs  when  the  alkali  is  in  excefs ; but  that  it  is  blue 
when  it  abounds  with  calx  of  copper  : and  accordingly  it  is  found  that  the  lofs 
df  colour  on  keeping  the  veflel  clofed  for  fome  time,  and  its  re-appearance  on 
opening  the  veflel,  do  not  fucceedwith  old  folutions,  which  are  permanently  blue. 

The  air  calcines  more  perfedly  a portion  of  the  fufpended  copper,  which 
gives  a blue  colour  to  the  fluid  until  it  has  more  intimately  combined  with  the 
alkali.  If  this  combination  be  made  in  the  clofed  veflel,  the  colour  difappears; 
if  it  be  made  in  the  open  veflel,  the  calcination  of  another  portion  goes  on,  and 
continues  until  the  alkali  is  faturated,  and  can  combine  with  no  more  : fo  that 
the  laft  portion  of  perfed  calx,  which  caufes  the  blue  colour,  does  not  feem  to 
have  entered  into  fo  intimate  a combination,  for  want  of  an  excefs  of  alkali. 
The  alkali  does  not  take  up  any  confiderable  quantity,  when  applied  to  copper 
filings  ; but  it  diflolves  much  more  of  the  calces  of  copper.  The  folution  does 
not  very  readily  afford  cryftals. 

Oils  do  not  feem  to  ad  upon  copper  until  they  become  rancid,  in  which  cafe 
their  difengaged  acid  corrodes  the  copper,  and  the  oil  aflumes  a blueifh  green 
colour.  Verdigris  is  foluble  in  ardent  fpirit.  Copper,  in  the  metallic  ftate, 
does  not  unite  with  earths  or  alkalis  in  the  dry  way.  Its  calces  enter  into  the 
compofition  of  glafs.  In  general  it  does  not  ad  on  the  neutral  falts  by  fufion. 
Nitre  detonates  with  it  but  difficultly.  Filings  of  copper  are  thrown  upon  red 
hot  nitre ; and  the  refidue  is  a brownifh  grey  calx,  mixed  and  partly  combined 
with  vegetable  alkali.  If  this  be  wafhed  with  water,  the  remaining  calx  may- 
be fufed  without  other  addition  into  a deep  opake  brown  glafs,  ufed  by  ena- 
mellers. 

Sal  ammoniac  is  decompofed  by  copper  filings.  The  produce  which  comes 
over  confifts  of  cauftic  volatile  alkali,  rendered  blue  by  a fmall  portion  of  copper, 
together  with  alkaline  air,  inflammable  air,  and  phlogifticated  air  : the  refidue 
confifts  partly  of  marine  fait  of  copper  and  calx.  In  this  experiment  we  find 
that  the  copper  detains  the  acid ; while  the  volatile  alkali  being  fet  at  liberty 
comes  over  into  the  receiver.  The  inflammable  and  phlogifticated  air  cannot 
fo  clearly  be  accounted  for,  as  they  may  arife  either  from  part  of  the  alkali 
being  decompofed  into  its  firft  principles,  or  the  inflammable  air  may  be  fup- 
plied  during  the  folution  of  the  copper ; in  which  cafe  it  will  proceed  from  the 
phlogifton  of  that  metal,  according  to  the  hypothefis  of  Stahl ; or  from  a de- 
compofition  of  part  of  the  water  of  cryftallization  of  the  fal  ammoniac  ; the  pure 
air  of  which  will  be  communicated  to  the  copper,  in  order  to  calcine  and  render 
it  foluble  in  the  marine  acid,  while  its  inflammable  air  comes  over  in  the  elaftic 
ftate. ' 

A folution  of  alum  boiled  in  a copper  veflel  depofits  fome  earth,  and  the 
fluid  exhibits  figns  of  the  prefence  of  copper  by  the  teft  of  volatile  alkali.  This 
does  not  feem  to  be  a perfed  decompofition  of  the  alum ; but  appears  to  be 
effeded  by  virtue  of  the  acid,  which  that  fait  contains  in  excefs.  The  neutral 
fait  or  alum  faturated  with  its  own  bafis  falls  down,  becaufe  lefs  foluble ; while 
the  excefs  of  acid,  forming  vitriol  of  copper,  exhibits  the  blue  tinge  when  volatile 
alkali  is  added. 

Copper  unites  very  readily  with  fulphur.  If  copper  filings  be  mixed  with 
flowers  of  fulphur  and  a little  water,  the  combination  takes  place  ; but  it  is  much 
more  readilv  effected  in  the  dry  way.  This  cannot  be  done  by  dired  fufion, 
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becaufe  the  fulphur  is  burned  at  a much  lefs  heat  than  is  required  to  fufe  the 
copper.  It  may  be  prepared  by  mixing  equal  parts  of  fulphur  and  copper 
filings  together,  and  expofing  them  to  heat  gradually  railed  to  ignition  : or  plates 
of  copper  may  be  ftratified  in  a crucible  with  fulphur,  and  gradually  heated  as 
before.  This  compound  is  a blackifh  grey  mafs,  and  is  ufed  by  dyers  and  cal- 
lico  printers  : it  is  diftinguilhed  by  the  name  of  ass  veneris.  Liver  of  fulphur 
xliffolves  copper  both  in  the  humid  and  dry  way. 

Phofphorus  unites  with  the  calx  of  copper;  or  if  the  phofphoric  glafs  be  ex- 
pofed  to  heat  in  a crucible,  together  with  its  weight  of  copper  filings  and  about 
one  quarter  of  its  weight  of  charcoal,  the  phofphorus  which  is  formed  combines 
with  the  copper,  and  forms  a kind  of  pyrites,  which  changes  by  expofure  to  air. 
It  lofes  its  metallic  ftate,  and  affumes  a black  colour. 

This  metal  combines  very  readily  with  gold,  filver  and  mercury.  It  unites 
imperfectly  with  iron  in  the  way  of  fufion.  Tin  combines  with  copper* 
at  a temperature  much  lower  than  is  neceffary  to  fufe  the  copper  alone. 
On  this  is  grounded  the  method  of  tinning  copper  veffels.  For  this 
purpofe,  they  are  firft  fcraped  or  fcoured ; after  which  they  are  rubbed 
with  fal  ammoniac.  They  are  then  heated,-  and  f^rinkled  with  powdered 
refin,  which  defends  the  clean  furface  of  the  copper  from  acquiring  the  flight 
him  of  calx  which  would  prevent  the  adhefion  of  the  tin  to  its  furface.  The 
melted  tin  is  then  poured  in,  and  fpread  about.  An  extremely  fmall  quan- 
tity adheres  to  the  copper  ; which  may,  with  great  juftice,  be  fuppofed  infuffi- 
cient  to  prevent  the  noxious  effedts  of  the  copper  as  perfe&ly  as  might  be  wifhed. 

When  tin  is  melted  with  copper  it  compofes  the  compound  called  bronze. 
In  this  metal  the  fpecific  gravity  is  always  greater  than  would  be  deduced  by 
computation  from  the  quantities  and  fpecific  gravities  of  its  component  parts. 
The  ufes  of  this  hard,  fonorous  and  durable  compofition  in  the  fabrication  of 
cannon,  bells,  ftatues,  and  other  articles,  are  well  known.  Bronzes  and  bell- 
metals  are  not  ufually  made  of  copper  and  tin  only,  but  have  other  admixtures, 
confiding  of  lead,  zinc,  or  arfenic,  according  to  the  motives  of  profit,  or  other 
inducements  of  the  artift.  But  the  attention  of  the  philofopher  is  more  par- 
ticularly diredled  to  the  mixture  of  copper  and  tin,  on  account  of  its  being  tire 
fubflance  of  which  the  fpeculums  of  reflecting  telefcopes  are  made.  ^Spe- 
culum. 

Copper  unites  with  bifmuth,  and  forms  a reddifh  white  alloy.  With  arfenic 
it  forms  a white  brittle  compound,  called  tombac.  With  zinc  it  forms  the 
compound  called  brafs,  and  diftinguifhed  by  various  other  names,  according  to 
the  proportions  of  the  two  ingredients.  It  is  not  eafy  to  unite  thefe  two  metals  in 
confiderable  proportions  by  fufion,  becaufe  the  zinc  is  burned  or  volatilized  at  a 
heat  inferior  to  that  which  is  required  to  melt  copper ; but  they  unite  very  well 
in  the  way  of  cementation.  In  the  brafs  works,  copper  is  granulated  by  pouring 
it  through  a plate  of  iron,  perforated  with  fmall  holes  and  luted  with  clay,  into  a 
quantity  of  water  about  four  feet  deep  and  continually  renewed  : To  prevent  the 
dangerous  explofions  of  this  metal,  it  is  neceffary  to  pour  but  a fmall  quantity  at 
a time.  There  are  various  methods  of  combining  this  granulated  copper,  or 
other  fmall  pieces  of  copper,  with  the  vapour  of  zinc.  Calamine,  which  is  an 
ore  of  zinc,  is  pounded  and  mixed  with  the  divided  copper,  together  with  a 
portion  of  charcoal.  Thefe  being  expofed  to  the  heat  of  a wind  furnace,  the 
zinc  becomes  revived,  rifes  in  vapour,  and  combines  with  the  copper,  which  it 
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converts  into  brafs.  The  heat  mufl  be  continued  for  a greater  or  lefs  number 
of  hours,  according  to  the  thicknefs  of  the  pieces  of  copper,  and  other  circum- 
ftances ; and  at  the  end  of  the  procefs,  the  heat  being  fuddenly  raifed  caufes 
the  brafs  to  melt,  and  occupy  the  lower  part  of  the  crucible.  The  mod  fcientific 
method  of  making  brafs  feems  to  be  that  mentioned  by  Cramer.  The  powdered 
calamine,  being  mixed  with  an  equal  quantity  of  charcoal  and  a portion  of 
clay,  is  to  be  rammed  into  a melting  veffel,  and  a quantity  of  copper,  amount- 
ing to  two  thirds  of  the  weight  of  the  calamine,  muft  be  placed  on  the  top,  and 
covered  with  charcoal.  By  this  management  the  volatile  zinc  afeends,  and  con- 
verts the  copper  into  brafs,  which  flows  upon  the  rammed  clay  : confequently, 
if  the  calamine  contain  lead,  or  any  other  metal,  it  will  not  enter  into  the  brafs, 
the  zinc  alone  being  raifed  by  the  heat. 

A fine  kind  of  brafs,  which  is  fuppofed  to  be  made  by  cementation  of  copper 
plates  with  calamine,  is  hammered  out  into  leaves,  in  Germany ; and  is  fold 
very  cheap  in  this  country,  under  the  name  of  Dutch  gold.  It  is  about  five 
times  as  thick  as  gold  leaf;  that  is  to  fay,  it  is  about  one  fixty-thoufandth  of  an 
inch  thick. 

If  brafs  be  kept  in  a ftate  of  ignition,  with  contact  of  air,  the  zinc  burns; 
and  the  copper  remains.  Whether  the  zinc  would  quit  the  brafs  without  com- 
buftion,  is  not  known;  though  there  is  little  doubt  but  it  might  be  driven  off  in 
clofe  veffels. 

The  quantity  of  zinc,  in  good  brafs,  is  about  one  third  of  its  weight. 

Copper  unites  readily  with  regulus  of  antimony,  and  affords  a compound  of  3 
beautiful  violet  colour.  It  does  not  readily  unite  with  manganefe.  With  wolfram 
it  forms  a dark  brown  fpongy  alloy,  which  is  fomewhat  du&ile. 

Copper  is  either  found  native,  moftly  in  an  impure  flate,  or  in  the  form  of  a 
ealx,  of  a red,  green,  or  blue  colour.  The  native  folutions  of  copper  frequently 
impregnate  calcareous  earths,  in  which  they  depofit  the  metal.  The  turquoifs 
Hone  is  the  tooth  of  an  animal,  penetrated  with  the  blue  calx  of  copper.  Many 
ores  of  copper  contain  fulphur.  Among  thefe,  the  vitreous  copper  ore  is  of  a 
red,  brown,  blue,  or  violet  colour;  fometimes  cryftallized,  but  ufually  foft 
enough  to  be  cut  with  a knife.  Some  of  the  pyrites  contain  a confiderable  pro- 
portion of  copper,  together  with  iron,  fulphur,  and  clay.  The  grey  copper  ore 
is  a fulphureous  combination  containing  arfenic  ; it  is  of  a white,  grey,  or  brown 
colour,  heavy,  and  difficult  of  fufion.  Blendofe  copper  ore  is  of  a brown  colour, 
hard,  folid,  compaft,  and  granulated  : it  contains  the  metal,  with  fulphur,  arfenic, 
zinc,  and  iron.  Some  flates,  and  one  fpecies  of  coal,  afford  copper ; and  feveral 
waters  contain  this  metal,  diffolved  in  vitriolic  or  marine  acid. 

Native  copper  may  be  affayed,  in  the  humid  way,  by  folution  in  nitrous  acid. 
If  it  contain  gold,  this  metal  falls  untouched  to  the  bottom,  in  the  form  of  a 
black  powder ; if  filver,  it  is  foon  precipitated  by  more  copper ; if  iron,  by 
boiling  the  folution  for  forme  time,  it  is  gradually  calcined,  and  falls  to  the 
bottom. 

The  calciform  copper  ores  are  foluble  in  acids,  and  maybe  precipitated  either 
by  iron,  which  affords  the  copper  in  the  metallic  (late,  or  by  mild  alkali,  which 
throws  down  194  grains  of  precipitate  for  every  100  grains  of  copper. 

Sulphureous  copper  ores  may  be  powdered,  and  gently  boiled  to  drynefs  in 
five  times  their  weight  of  concentrated  vitriolic  acid.  The  whole,  or  mod  part 
of  the  fulphur,  flies  off  by  this  heat.  The  vitriolic  fait  of.  copper  requires,  at 
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leaft  Four  times  its  weight  of  water  to  diffolve  it.  A fufficient  quantity  being 
therefore  added,  and  a polifhed  iron  plate  boiled  in  the  folution,  the  copper 
will  be  precipitated.  If  iron  be  found  to  be  mixed  with  the  precipitate,  it  muft 
be  again  diffolved,  to  obtain  a richer  folution.  This  will  depofit  pure  copper, 
if  the  operation  be  conducted  as  before.  If  it  contain  other  metals,  they  may 
be  eafily  feparated  by  folution  in  nitrous  acid. 

In  the  dry  way,  the  fulphureous  .ores  of  copper  muft  be  firft  pulverized,  and 
feparated  as  much  as  pofiible  from  the  earthy  and  ftony  particles,  then  roafted, 
to  feparate  the  fulphur  and  arfenic;  and  lafily,  melted  with  an  equal  weight  of’ 
M.  Tibet’s  flux,  which  conlifts  of  two  parts  pounded  glafs,  one  calcined  borax, 
and  one  eighth  of  charcoal.  More  borax  may  be  added  if  the  ore  be  poor.  Al- 
kaline fluxes  are  hurtful  in  the  fufion  of  copper  ores,  becaufe  the  fait  combines 
with  the  fulphur,  and  forms  hepar,  which  diffolves  part  of  the  copper. 

In  the  large  way  copper  is  roafted  in  a clofe  furnace,  by  a flow  fire,  to  fcorify 
the  mixtures  of  iron  and  other  fubftances.  By  repeated  fufions  with  fulphur 
and  charcoal,  the  fcorified  metal  rifes  to  the  top,  and  is  fcummed  off.  The 
copper,  in  the  great  Hungarian  mines,  is  faid  to  undergo  fufion  fourteen  times 
before  it  is  fit  for  fale.  The  roafted  ore  in  the  ifle  of  Anglefey  is  deprived  of  its 
vitriolic  fait  by  wafhing,  and  the  copper  is  precipitated  by  means  of  old  iron  im- 
merfed  in  the  water.  This  precipitated  copper  is  however  but  fmall  in  proportion 
to  the  whole  produce. 

Copper  is  found  in  various  parts  of  the  world  ; in  Spain,  France,  England, 
Norway,  Hungary,  Sweden,  and  elfewhere.  The  Japan  copper  is  faid  to  be 
purer,  and  has  a greater  fpecific  gravity,  than  any  other  copper.  The  wire- 
drawers,  who  require  copper  of  extraordinary  dudtility,  ufe  the  Swedilh  copper. 
The  copper  mines  in  England  are  exceedingly  numerous  and  produdtive.  Paris 
Mountain,  on  the  ifle  of  Anglefey,  contains  a bed  of  ore  forty  feet  in  thick- 
nefs,  and  is  faid  to  produce  upwards  of  four  thoufand  tons  of  copper  annually. 

The  ufes  of  this  metal  are  too  numerous  to  be  diftin&ly  fpecified.  It  has  for 
fome  years  paft  been  applied  with  great  fuccefe  and  advantage  for  Iheathing  the 
bottoms  of  fhips;  and  feveral  builders  have  lately  endeavoured  to  introduce  it 
as  a covering  for  houfes.  It  is  the  lighteft  of  all  coverings;  but  whether  it  be 
more  durable  than  flate,  which  is  nearly  as  light,  has  not  yet  been  afcertained  by 
experience. 

COPPERAS.  Martial  vitriol  is  called  green  copperas  in  commerce.  The 
vitriol  of  copper  is  called  blue  copperas,  or  frequently  blue  vitriol ; and  the  vi- 
triol of  zinc  is  called  white  copperas. 

iCORAL  and  CORALLINE  are  fhells  of  marine  animals  of  the  polypus  kind, 
and  poffefs  the  fame  chemical  properties  as  the  fhells  of  oyfters  and  other  fifh; 
that  is,  they  confift  of  calcareous  earth  combined  with  mucilage  and  other  animal 
matter. 

CORK  is  a bark  of  a tree  of  the  oak  kind,  very  common  in  Spain  and  the 
other  fouthern  parts  of  Europe.  By  boiling  in  water  Neumann  obtained  from 
cork  one  twelfth  part  of  its  weight  of  extratft,  and  by  digeftion  in  ardent  fpirits  he 
obtained  rather  a larger  quantity  of  refinous  matter. 

Mr.  Brugnatelli  * has  examined  this  fubftance  in  the  more  accurate  methods 

* The  Journal  <le  Phyftque  for  Auguft  1 787  is  now  before  me,  eontaining  an  CKtraft  of  the  author’s 
paper,  from  Crell’s  Annals  for  the  fame  year, 
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of  modern  chemiftry.  The  cork  upon  which  he  made  his  experiments  was 
white  and  very  fmoodi.  In  the  focus  of  the  burning  glafs  it  was  quickly  burned 
with  a white  brilliant  flame,  leaving  a light  fpongy  coal,  eafily  and  almoft  to- 
tally confirmed  in  a crucible,  the  refidue  of  afhes  being  fcarcely  perceptible.  Cork,, 
when  treated  in  the  way  of  deftrudtive  diftillation,  was  entirely  or  very  nearly 
converted  into  inflammable  air.  Boiling  water  only  foftened  it.  The  action 
of  the  vitriolic  and  alfo  of  the  marine  acid,  even  when  aflifled  by  heat,  was 
fcarcely  feniible. 

But  on  the  contrary  the  mere  vapours  of  fuming  nitrous  acids  adted  upon  it, 
and  reduced  a portion  into  a coarfe  yeliowifh  and  evidently  laline  powder.  Mr. 
Brugnatelli  was  induced  from  this  observation  to  diftil  them  together.  He  put 
half  an  ounce  of  cork,  grofsly  powdered  or  rafped,  into  a tubulated  retort,  and 
poured  upon  it  four  times  its  weight  of  fuming  nitrous  acid.  The  acid  foon 
became  of  a deep  yellow  colour,  which  it  communicated  to  the  cork,  while  the 
retort  by  degrees  became  filled  with  red  vapours  produced  by  the  difen gagement 
of  a large  quantity  of  nitrous  air.  After  the  diftillation  there  remained  a yellow 
vifcid  and  very  acid  matter. 

This  refidue  was  for  the  mod  part  foluble  in  water ; the  infoluble  portion 
being  probably  that  which  had  efcaped  the  adbion  of  the  nitrous  acid.  The  fo- 
lution  was  yellow,  ftrongly  reddened  blue  vegetable  colours,  and  had  an  acid 
though  bitterifh  tafte.  By  evaporation  of  the  water  and  repofe  in  a cool  place, 
the  acid  again  became  changed  into  a thick  vifcid  matter  refembling  wax,  and 
capable  of  being  kneaded  between  the  fingers. 

This  acid  is  foluble  in  ardent  fpirit,  to  which  it  communicates  a yellow  colour^ 
inclining  to  green.  Upon  ignited  coals  it  does  not  take  fire,  but  emits  a dif- 
agreeable  fmell  like  burned  wood,  at  the  fame  time  that  it  becomes  converted 
into  coal,  and  at  laft  into  dark-coloured  allies.  The  acid  of  cork  unites  with 
all  the  alkalis  and  earths.  With  the  mild  vegetable  alkali  it  effervefces,  and 
forms  a thick  deep  yellow  mafs,  which  cryftallizes  by  cooling.  This  mafs  is 
foluble  in  water,  and  in  the  three  ancient  mineral  acids,  but  not  in  vinegar  or 
ardent  fpirit. 

Like  the  acid  of  fugar,  this  acid  exhibits  a peculiar  affinity  to  lime.  It  likewife 
afts  upon  metallic  fubftances. 

CORK,  FOSSIL,  (SUBER  MONTANUM).  This  name  is  given  to  a ftone 
which  is  a fpecies  of  amianthus,  confifting  of  flexible  fibres  loofely  interwoven, 
and  fomewhat  refembling  vegetable  cork.  It  is  the  lighted  of  all  ftones.  By 
fire  it  is  fufible,  and  forms  a black  glafs.  It  polfefles  the  general  properties  of 
amianthus. 

CORO-SHUT  MARLE.  A kind  of  marie  of  a brown  colour  mixed  with 
chalk  and  blue  veins. 

CORROSIVE  SUBLIMATE.  A combination  of  mercury  with  dephlogif- 
ticated  or  aerated  marine  acid.  See  Mercury. 

COUNTRIES.  An  Englilh  mine  term  for  the  lides  or  enclofures  of  a vein 
or  load  of  ore  : e.  g.  the  country  of  the  lead  is  limeftone,  killas,  &c.  &c. 

CREAM  OF  LIME.  When  lime  water  is  expofed  to  the  air,  a portion  of 
aerial  acid  or  fixed  air  combines  with  the  lime  near  the  furface,  and  converts  it 
into  chalk,  or  mild  calcareous  earth,  which  firft  forms  a pellicle  at  the  top,  and 
afterwards  falls  down.  This  fubftance,  which  is  either  not  at  all  foluble  in  water, 
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or  much  lefs  fo  than  lime,  is  feparated  on  that  account.  The  term  is  at  prefent 
feldom  met  with. 

CREAM  OF  MILK.  A portion  of  milk  which  rifes  to  the  furface  of  the 
fluid  by  repofe  : moft  probably  in  confequence  of  an  incipient  fermentation.  It 
contains  all  the  butter,  fome  of  the  cheefe,  together  with  a portion  of  the  other 
principles  of  the  milk.  See  Butter  and  Milk. 

CREAM  OF  TARTAR.  The  fait  called  cream  of  tartar,  and  cryftals  of 
tartar,  confifts  of  tartar  purified  by  the  ufual  chemical  methods.  This  manufacture 
is  chiefly  carried  on  at  Montpellier,  and  at  Venice.  The  object  to  be  accomplifh- 
ed  confifts  in  depriving  the  crude  tartar  of  an  abundant  mucilaginous  principle. 

The  following  is  the  procefs  ufed  at  Montpellier,  as  given  by  Chaptal.  The 
tartar  is  diffolved  in  water,  and  fuffered  to  cryftallize  by  cooling.  Tile  cryftals 
are  then  boiled  in  another  veffel,  with  the  addition  of  five  or  fix  pounds  of  the 
white  argillaceous  earth  of  Murviel  to  each  quintal  of  the  fait.  After  this  boiling 
with  the  earth,  a very  white  fait  is  obtained  by  evaporation,  which  is  known  by 
the  name  of  cream  of  tartar. 

M.  Defmaretz  has  informed  us  (Journal  de  Phyfique  1771)  that  the  procefs 
ufed  at  Venice  confifts,  ift,  in  drying  the  tartar  in  iron  boilers;  2dly,  pounding  it 
and  diffolving  it  in  hot  water,  which  by  cooling  it  affords  purer  cryftals ; 3dly,  re- 
diffolving  thefe  cryftals  in  water,  and  clarifying  the  folution  by  whites  of  eggs 
and  wood  afhes. 

The  procefs  of  Montpellier  is  preferable  to  that  of  Venice.  The  addition  of 
the  aflies  introduces  a foreign  fait,  which  alters  the  purity  of  the  produCt. 

Cream  of  tartar  cryftallizes  in  tetrahedral  prifms  cut  off  flantwife. 

This  fait  is  ufed  by  the  dyers  as  a mordant ; but  its  greateft  confumption  is  in 
the  north,  where  it  is  ufed  at  table  as  a feafoner. 

CRIMSON.  See  Dying. 

CROCUS.  The  yellow  or  faffron-coloured  calces  of  iron  and  copper  have 
been  called  crocus  martis  and  crocus  veneris.  Thefe  terms  are  now  feldom  met 
with  in  the  writings  of  philofophical  chemifts,  though  they  ftill  are  retained  in 
various  difpenfatories. 

CRUCIBLE.  A pot  or  veffel  formed  either  of  earth,  of  plumbago,  or  of 
fome  fuitable  metal.  It  is  ufed  for  fufions,  cementations,  and  other  operations  in 
the  dry  way.  See  Apparatus. 

CRYSTAL.  This  word  is  ufed  extenfively  to  denote  thofe  portions  of  bodies 
which  have  affumed  a fymmetrical  form  at  the  time  of  acquiring  the  folid  ftate. 
Thus  we  have  cryftals  of  falts,  of  metals,  of  earths,  and  of  every  other  fub- 
jftance  that  poffeffes  a confiderable  degree  of  fimplicity  in  its  compofition. 
It  is  likewife  ufed  as  the  name  of  various  fubftances  to  which  we  (hall  proceed. 

CRYSTAL,  FACTITIOUS.  The  very  fine  clear  glaffes  made  in  imitation 
of  precious  ftones,  are  fometimes  called  factitious  cryftals,  but  much  more 
commonly  paftes.  Our  opticians  and  other  artifts  diftinguifh  the  denfe  white 
glafs,  which  contains  much  calx  of  lead,  by  the  name  of  cryftal  glafs,  and  fre- 
quently enough  by  that  of  white  flint.  See  Glass. 

CRYSTAL,  MINERAL.  In  the  ancient  difpenfatories  we  find  a formula 
for  making  a fait  under  this  name,  by  fufing  nitre,  projecting  a little  fulphur 
thereon,  and  afterwards  calling  it  into  cakes.  It  is  not  neceffary  to  give  any 
detail  of  the  imaginary  advantages  fuppofed  to  be  obtained  by  treating  nitre  in 
this  manner,  The  cryftal  mineral  will  vary  according  to  the  management.  Part 
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of  the  nitrous  acid  may  be  decompofed  by  the  heat,  and  part  will  be  decom- 
pofed  by  the  detonation.  The  fulphur  will  be  acidified,  and  will  combine  with 
the  portion  of  difengaged  alkali.  The  cryftal  mineral  will  therefore  confift  of 
nitre  contaminated  with  a fmall  quantity  of  vitriolated  tartar,  and  is  not  worth 
the  trouble  of  making,  becaufe  pure  nitre  will  anfwer  every  medical  purpofe  to 
which  this  might  be  applied. 

CRYSTAL,  ROCK.  The  pureft  fpecimen  of  filiceous  earth.  This  is  either 
colourlefs  and  cryftallized  in  hexagonal  pyramids, and  then  called  mountain  cryftal, 
or  in  various  other  forms.  Its  fpeciftc  gravity  is  from  2,65  to  2,7.  Its  texture  la- 
mellated,  and  frequently  fluttered.  The  application  of  heat,  unlefs  extremely  gra- 
dual, caufes  it  to  crack  and  lofe  its  tranfparency.  Some  of  thefe  cryftals  have 
been  found  £0  confift  of  pure  filiceous  earth.  Bergman  extrafted  about  fix  of 
argillaceous,  and  one  of  calcareous  earth,  from  the  100  parts  of  thefe  cryftals. 
The  moft  violent  heat  of  a furnace  has  not  been  found  to  diminifti  the  weight  or 
kardnefs  of  rock  cryftal ; but  profeflor,  Errhmann  fufed  it  by  flame,  urged  with 
a ftream  of  vital  air. 

The  formation  of  cryftal  has  much  engaged  the  attention  of  chemifts.  There 
feems  to  be  little  doubt  that  this  earth  is  fufpended  in  water,  moft  probably,  by 
a true  folution,  and  afterwards  depofited  in  the  fame  manner  as  other  foluble 
bodies  are  : the  only  peculiarity  appears  to  be,  that  fo  very  large  a quantity  of 
the  water  is  required  to  fufpend  a fmall  quantity  of  the  earth,  that  this  laft  has 
eluded  the  attention  of  philofophers.  The  effeds  of  water  in  the  extenfive  opera- 
tions of  nature,  relative  to  this  earth,  are  however  very  confiderable,  The  vaft: 
bafin  chiefly  compofed  of  filiceous  materials  depofited  by  the  water  of  the  pro- 
digious fountain  of  Geyfer,  in  Iceland,  deferibed  by  Vontroil,  affords  a proof 
that  hot  water  fufpends  filiceous  earth,  and  points  out  a feries  of  experiments  to 
be  made  with  Papin’s  digeftor,  though  not  yet  undertaken  by  any  one.  And 
the  obfervations  of  Mr.  Genflane,  quoted  by  Chaptal  in  his  Elements  of  Che- 
miftry,  with  others  of  the  profeflor  himfelf,  prove  that  rock  cryftal  is  formed  in  a 
way  not  at  all  differing  from  that  of  calcareous  fpars.  Mr.  Genflane  fliews  that 
a quartzofe  gurh  is  formed  by  Ample  tranfudation  upon  ferruginous  rocks,  and 
the  fame  naturalift  has  taken  notice  that  when  the  gurh  is  worn  and  depofited  by 
water,  rock  cryftals  are  formed.  The  waters  which  work  their  way  through  the 
quartzofe  rocks  of  the  mine  of  Chamillat,  near  Planche  les  Mines  in  Franche 
Comte,  form  quartzofe  ftaladites  to  the  roof  of  the  works,  and  even  upon 
wood.  The  extremities  of  thefe  ftaladites,  which  have  not  affumed  a folid  con- 
fiftence,  are  of  a granulated  and  cryftalline  fubftance,  eafily  crufhed  between  the 
fingers. 

In  thefe  cavities,  called  craques  by  the  miners,  a fluid  gurh  is  often  found, 
and  flill  oftener  cryftals  ready  formed.  Chaptal  obferved  at  Saint  Sauveur,  in 
the  work  of  Laboifliere  near  Bramebiaou,  feveral  incruftations  of  gurh  on  the 
fide  of  the  gallery ; and  thefe  fpreading  incruftations  were  terminated  by  well- 
formed  cryftals,  wherever  the  wall  overhung,  or  deviated  from  the  perpendicu- 
lar. This  gurh,  when  handled,  and  minutely  examined,  had  no  other  appear- 
ance than  that  of  a filiceous  pafte  of  confiderable  purity. 

Bergman  obtained  cryftals  refembling  rock  cryftal,  but  not  fo  hard,  by  dif- 
lolving  filiceous  earth  in  the  acid  of  fpar,  and  leaving  it  to  fpontaneous  evapora- 
tion. Chaptal  has  obferved  a fa£t  of  the  fame  nature.  Mr.  Achard  obtained 
a cryftal  as  hard  and  as  tranfparent  as  rock  cryftal  by  diflolving  the  earth  of 
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alum  in  water  impregnated  with  fixed  air,  the  fluid  filtrating  very  flowly 
through  the  bottom  of  a porous  veflel  of  baked  clay.  A cryftal  of  this  kind  was 
fent  by  him  to  my  late  friend  Mr.  Magellan,  who  exhibited  it  to  the  Royal 
Academy  of  Sciences  at  Paris,  in  the  year  1778;  and  from  whom  I received  it, 
and  ftill  retain  it  in  my  pofleflion.  Others  have  fince  attempted  to  repeat  the 
experiment,  though  without  fuccefs ; and  there  have  not  been  wanting  feveral 
writers  who  have  questioned  the  validity  of  the  fadt,  though  in  my  opinion  very 
raflily  ; the  character  of  this  chemift,  and  the  obfcurity  of  the  fubjedt,  in  which  fo 
many  unheeded  circumftances  might  have  confpired  either  to  produce  or  vary 
the  refults,  being  amply  fufficient  to  defend  him  from  any  imputation  of  fo  de- 
grading a nature.  It  has  been  thought  in  particular,  that  a very  perfedt  ftate  of 
repofe  is  necefiary  for  the  fuccefs  of  this  experiment  of  a crystallization  fo  ex- 
tremely flow  * and  indeed  if  it  be  confidered  how  greatly  the  phenomena  of 
crystallization  are  influenced  by  the  flighted  agitation,  and  at  the  fame  time  how 
-considerable  the  agitations  of  the  grounds  and  buildings  are  in  great  towns,  it 
will  not  appear  at  all  wonderful  that  the  Parifian  chemifts  Should  not  have  fuc- 
ceeded  in  attempting  to  repeat  this  experiment.  Any  one  may  fatisfy  himfelf 
as  to  thefe  vibrations,  by  obferving  the  refledion  of  objedts  in  a bafin  of  mer- 
cury, which,  however  defended  from  the  impreffions  of  the  external  air,  does- 
not  remain  a moment  in  tranquillity,  unlefs  at  a very  great  diftance  from  all  work- 
shops or  roads  where  carriages  pafs. 

Since  that  time  Mr.  De  Morveau  having  inclofed  rock  cryftals  with  a bar  of 
iron  in  a bottle  filled  with  gafeous  water,  perceived  a vitreous  point  fixed  to  the 
iron,  which  he  fuppofed  to  be  a rock  cryftal  formed  by  this  operation  * fo  that' 
he  confiders  iron  as  a necefiary  intermedium  to  enable  the  carbonic  acid  to  dif- 
folve  quartz. 

Rock  cryftal,  though  the  fofteft  among  tranfparent  ftones,  is  harder  than  moft  of 
the  opake  ftones,  and  much  harder  than  glafs. 

CRYSTALLIZATION.  Whenever  the  parts  of  bodies  are  feparated 
from  each  other,  and  fufpended  in  a.  medium  or  folvent,  in  which  they  can  freely 
move,  they  either  remain  at  a diftance  from  each  other  by  virtue  of  their  at- 
tradion  to  the  folvent,  or  they  come  together  by  their  own  mutual  attradion, 
and  form  confident  mafies.  See  Attraction. 

From  the  fads  there  appears  to  be  juft  ground  to  conclude  that  the  particles 
of  bodies  demand  certain  relative  positions  at  like  diftances,  in  order  that  the 
energy  of  their  attradion  may  be  the  greateft  poflible  ; in  a manner  Similar  to 
what  we  obferve  in  the  attradions  of  magnetiftn  and  eledricity.  This  polarity, 
of  the  particles  deducible  by  mathematical  reafoning  from  their  fuppofed  figures, 
but  no  doubt  in  a great  meafure  dependent  on  their  component  parts  likewife, 
will  caufe  the  aggregate  mafies  to  affume  fome  determinate  figure*  in  fimilar  cir- 
cumftances or  Situations,  and  this  figure  will  be  modified  in  a great  variety  of 
ways  accordingly  as  thofe  circumftances  are  changed.  If  the  particles  are 
fufpended  or  kept  fluid,  either  by  a due  quantity  of  folvent,  or  by  heat*  or  by 
both  of  thefe  agents,  a feparation  will  enfue,  whenever  the  quantity  of  the  Solvent 
or  of  the  heat  is  diminished.  If  this  diminution  be  fudden,  it  will  be  attended 
with  a considerable  Share  of  inteftine  motion,  by  which  the  particles  muft  be  irre- 
gularly moved,  and  will  eventually  come  together  with  fuch  fides  or  faces  pre- 
fented  to  each  other,  as  might  not  have  been  prefented  if  the  irregularity  of 
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motion  bad  not  interfered.  In  fuch  cafes  the  particles  will  form  a Solid,  poffefllng 
little  or  no  fymmetry  in  its  figure.  This  is  called  confufed  crystallization. 

On  the  other  hand  it  may  happen,  that  by  gradual  evaporation,  or  cooling,  the 
diminution  of  the  quantities  of  folvent,  or  of  heat,  may  take  place  fo  Slowly  as  to 
pccafion  a degree  of  motion  altogether  inconfiderable  among  the  parts  of  the 
fluid.  In  this  cafe,  the  particles  which  are  about  to  feparate  will  approach  each 
other  with  extreme  flownefs,  and  no  circumftance  will  interfere  to  prevent  their 
applying  fuch  fides  or  faces  towards  each  other  as  are  beft  adapted  to  the  govern- 
ing laws  of  attraction.  As  foon  as  the  particles  have  arrived  to  a distance  lefs 
than  is  fufficient  for  their  mutual  attraction  to  overcome  the  power  of  the  fluid 
which  fufpends  them,  they  will  rufh  together,  and  form  fymmetrical  bodies  pof- 
fefiing  figures  originating  in,  and  dependent  on  the  properties  or  nature  of  the 
particles  which  form  them,  and  the  fymmetry  will  be  more  perfeCt  the  lefs 
the  cryftallization  is  influenced  by  disturbing  caufes.  This  is  called  regular 
crystallization,  and  the  fymmetrical  bodies  are  called  crystals. 

As  the  agitation  arifing  from  the  caufes  juft  mentioned  is  fufficient  to  prevent 
the  regular  formation  of  cryftals,  fo  likewife  it  is  found  that  mechanical  agita- 
tion is  Still  more  deftruCtive  of  their  regularity.  Slow  crystallization  produces  fugar 
candy  ; a quicker  crystallization  affords  loaf  fugar.  When  a balloon  fome  years 
ago  was  inflated  at  Moorfields  by  inflammable  air,  extricated  by  the  aCtion  of 
vitriolic  acid  upon  zinc,  the  white  vitriol  of  commerce  was  afforded  in  beautiful 
tranfparent  cryftals,  which  the  Shops  refufed  topurchafe;  but  when  by  fubfe- 
quent  folution  and  mechanical  agitation,  a white  mafs  of  confufed  cryftals  was 
obtained,  the  fhop-keepers  recognized  the  white  copperas  they  had  been  ufed  to 
deal  in.  The  prefence  or  abfence  of  external  impulfe  is  of  fo  much  confequence 
in  crystallization,  that  it  may  be  doubted  whether  the  adtion  of  light,  which  con- 
siderably impedes  the  formation  of  regular  cryftals,  may  not  be  attributed  to  this 
caufe. 

The  permanent  texture  of  bodies,  their  fradture,  and  other  like  circumstances, 
appear  to  depend  upon  the  State  of  crystallization  at  the  time  of  affirming  the 
folid  form.  In  metals,  for  example,  the  cryftals  are  fmaller  and  more  confufed 
the  haftier  the  cooling.  Thus  Steel  Suddenly  cooled  breaks  with  a granular 
fradture,  poffeffes  a diminished  Specific  gravity,  and  is  very  hard,  whereas  the 
fame  Steel,  more  Slowly  cooled,  will  be  denfer.  Softer,  difficult  to  be  broken 
afunder,  and  when  broken  exhibits  a very  different  internal  texture.  The 
cryftals  of  other  metals  may  be  obtained  by  fufing  them  in  a crucible  with  a hole 
in  its  bottom  clofed  by  a Stopper,  which  is  to  be  drawn  out  after  the  veffel  has 
been  removed  from  the  fire,  and  the  Surface  of  the  metal  has  begun  to  congeal. 
The  fame  effedt  may  be  obferved  if  the  metal  be  poured  into  a plate  or  diSh,  a 
little  inclined,  which  is  to  be  fuddenly  inclined  in  the  oppofite  direction,  as  foon 
as  the  metal  begins  to  congeal  round  its  edges.  In  the  firft  method,  the  fluid 
part  of  the  metal  runs  out  of  the  hole,  leaving  a kind  of  cup  lined  with  cryftals : 
in  the  latter  way  the  Superior  part,  which  is  fluid,  runs  off,  and  leaves  a plate  of 
metal  Studded  over  with  cryftals. 

There  is  Scarcely  any  experiment  in  chemiftry  which  does  not  afford  fome  ap- 
pearance of  a curious  nature,  referable  to  cryftallization. 

When  bodies  diffolved  in  any  fluid  are  Separated  by  cryftallization,  they  are 
always  found  to  retain  a part  of  the  fluid.  The  water  thus  retained  by  Saline 
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cryftals  is  called  the  water  of  cryftallization.  This  water  appears  to  be  efiential 
to  the  tranfparent  cryftalline  form  of  fairs,  and  is  no  doubt  retained  by  virtue  of 
their  attra&ion  for  that  fluid.  From  fome  experiments,  in  which  a much  greater 
degree  of  cooling  was  produced  by  the  folution  of  cryftallized  foda  than  of  fuch 
as  had  loft  its  water  of  cryftallization,  it  may  be  inferred  that  this  water  exifts  in 
cryftals  in  the  congealed  or  folid  ftate,  and  perhaps  much  denfer  than  mere  ice. 
Moft  falts  may  be  deprived  of  their  water  of  cryftallization  by  mere  heat.  Some 
lofe  it  in  the  common  temperature  of  the  atmofphere,  and  fall  into  a pulveru- 
lent mafs,  called  an  efflorefcence.  Other  falts  attradl  water  fo  ftrongly  that  they 
draw  it  from  the  atmofphere,  and  gradually  become  fluid,  a phenomenon  dif- 
tinguiflied  by  the  name  of  deliquefcence.  Mr.  Baume  affirms  that  the  water  of 
cryftallization  in  all  neutral  falts  with  bafes  of  fixed  alkali  is  pure,  and  they  are 
not  capable  of  taking  up  a redundancy  of  either  principle  in  their  cryftals.  This 
however  may  be  doubted. 

The  cryftallization  of  falts  is  ufually  effected  by  evaporating  part  of  the  water ; 
but  it  may  likewife  be  made  to  take  place  by  abftradfion  of  the  water  in  the  way 
of  chemical  affinity.  Thus  ifftrong  ardent  fpirit  be  added  to  an  equal  volume  of 
a ftrong  folution  of  nitre,  the  fpirit  combines  with  the  water,  and  almoft  the 
whole  of  the  nitre  feparates  in  an  inftant  in  the  cryftalline  form.  There  is  no 
doubt  but  appearances  of  this  kind  of  feparation  have  milled  chemifts  on  various 
occafions. 

The  operation  of  cryftallizing,  or  cryftallization,  is  of  great  utility  in  the 
purifying  of  various  faline  fubftances.  Moft  falts  are  fufpended  in  water  in 
greater  quantities  at  more  elevated  temperatures,  and  feparate  more  or  lefs  by 
cooling.  In  this  property,  and  likewife  in  the  quantity  of  fait  capable  of  being 
fufpended  in  a given  quantity  of  water,  they  differ  greatly  amongft  each  other. 
It  is  therefore  practicable  in  general  to  feparate  falts  from  each  other,  by  due 
management  of  the  temperature  and  evaporation.  For  example,  if  a folution 
of  nitre  and  common  fait  be  evaporated  over  the  fire,  and  a fmall  quantity  be  now 
and  then  taken  out  for  trial,  it  will  be  found,  at  a certain  period  of  the  concen- 
tration, that  a confiderable  portion  of  fait  will  feparate  by  cooling,  and  that  this 
fait  is  for  the  moft  part  pure  nitre.  When  this  is  feen,  the  whole  fluid  may  be 
cooled  to  feparate  part  of  the  nitre,  after  which,  evaporation  may  be  proceeded 
upon  as  before.  This  manipulation  depends  upon  the  different  properties  of  the 
two  falts  with  regard  to  their  folubility  and  cryftallization  in  like  circumftances. 
For  nitre  is  confiderably  more  foluble  in  hot  than  in  cold  water,  while  common 
fait  is  fcarcely  more  foluble  in  the  one  cafe  than  in  the  other.  The  common 
fait  confequently  feparates  in  cryftals  as  the  evaporation  of  the  heated  fluid 
goes  on,  and  is  taken  out  with  a ladle  from  time  to  time,  whereas  the  nitre  is  fe- 
parated  by  fucceflive  coolings  at  proper  periods, 

Thofe  chemifts  who  conflder  heat  as  a peculiar  fubftance  and  not  a modifica- 
tion of  matter,  are  in  general  inclined  to  reckon  the  fluid  ftate  a folution  in  this 
matter ; and  the  cryftallization  of  bodies  merely  fufed,  is  by  them  accounted  for 
by  the  abftra&ion  of  this  fuppofed  folvent. 

It  was  natural  for  the  earlier  mineralogifts  and  chemifts  to  diftinguifh  bodies 
by  their  fymmetrical  figures.  Subfequent  experience  has  however  {hewn  that  the 
cryftallization  of  bodies  is  variable,  by  fo  many  and  fuch  minute  circumftances, 
that  a confiderable  dependance  on  this  lingle  attribute  muft  neceflarily  be  pro- 
ductive of  error.  Modern  chemifts,  as  the  methods  of  analyfis  became  more 
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perfect,  feem  to  have  adopted  a prejudice  of  the  contrary-  nature,  by  almoft  to- 
tally rejecting  the  external  figures  of  bodies  as  indications  of  their  component 
parts.  Rome  de  Lifle  in  his  Cryftallographie,  Bergman  in  one  of  his  E flays,  and 
the  abbe  Haiiy,  have  treated  exprefsly  and  fcientifically  upon  the  formation  of 
thofe  geometrical  figures  which  conftitute  cryftals  ; but  the  fubjeft  is  very  far 
from  being  enough  Amplified  to  admit  of  any  ready  application.  The  miner, 
the  mineralogifl,  and  the  chemift  will  perceive  a number  of  circumftances  in 
natural  and  artificial  bodies  relative  to  their  configuration,  grouping,  colour, 
fradure,  fpecific  gravity,  &c.  by  means  of  which  he  may  form  very  probable 
conjedures  as  to  their  contents,  and  the  experiments  requifite  to  be  inftituted 
upon  them  : but  in  the  prefent  ftate  of  fcience,  there  is  no  method  which  can  be 
iubftituted  inftead  of  adual  infpedion,  and  the  attentive  conlideration  of  minerals 
and  chemical  produds  whofe  contents  are  previoufly  known. 

CULM.  A term  exclufively  applied  by  dealers  in  pit-coal,  to  denote  fuch 
coal  as  does  not  cake,  or  adhere  together,  when  heated.  Small  pieces  of  coal  of 
this  kind  are  of  muchlefs  value  than  larger  pieces ; and  on  this  account  the  duties 
on  culm  are  lefs  than  upon  coal.  See  Coal. 

CUPEL.  A lhallovv  earthen  veflel  fomewhat  refembling  a cup,  from  which 
it  derives  its  name.  It  is  made  of  phofphorated  lime,  or  the  refidue  of  burned 
bones  rammed  into  a mold,  which  gives  it  its  figure.  This  veflel  is  ufed  in 
aflays  wherein  the  precious  metals  are  fufed  with  lead,  which  becomes  converted 
into  glafs,  and  carries  the  impure  alloy  with  it.  See  Assay. 

, -QUPELLATION.  The  refining  of  gold  by  fcorification  with  lead  upon  the 
cupel  is  called  cupellation. 

CURD.  The  coagulum  which  feparates  from  milk  upon  the  addition  of  acid 
or  other  fubftances.  See  Milk,  alfo  Cheese. 
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DAMPS.  The  permanently  elaftic  fluids  which  are  extricated  in  mines,  and 
are  deftru<5tive  to  animal  life,  are  called  damps  by  the  miners.  The  chief 
chltindtions  made  by  the  miners,  are  choke-damp,  which  extinguifhes  their  can- 
dles, hovers  about  the  bottom  of  the  mine,  and  confifts  for  the  moft  part  of 
aerial  acid,  or  fixed  air;  and  fire-damp,  which  occupies  the  fuperior  fpaces,  and 
does  great  mifchief  by  exploding  whenever  it  comes  in  contaft  with  their  lights. 
The  hiftory  of  the  effe&s  of  thefe  fluids  is  very  curious,  and  has  been  given 
much  in  detail  by  various  writers.  But  the  general  properties  of  elaftic  fluids 
having  of  late  years  been  much  elucidated  by  the  experiments  of  Dr.  Prieftley 
and  others,  it  is  at  prefent  found  as  eafy  to  account,  irf  a general  way,  for  the 
wonderful  effe&s  of  thefe  fluids,  as  for  any  other  appearances  that  take  place  in 
chemiftry. 
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DAZE,  or  GLIMMER.  A mine  term  applied  to  micaceous  fubftances. 

DECANTATION.  The  action  of  pouring  off  the  clearer  part  of  a fluid 
by  gently  inclining  the  vefl'el  after  the  grofier  parts  have  been  fuffered  to  fubfide. 
Some  chemifts  avoid  the  ufe  of  the  filter  altogether,  and  feparate  folids  from  fluids 
by  decantation.  But  there  are  fituations  in  which  either  method  may  be  prefer- 
able to  the  other. 

DECOCTION.  The  operation  of  boiling.  This  term  is  likewife  ufed  to 
denote  the  fluid  itfelf  which  has  been  made  to  take  up  certain  foluble  principles 
by  boiling.  Thus  we  fay  a deco&ion  of  the  bark,  or  other  parts  of  vegetables,  of 
flefh,  &c. 

Deco&ion  is  chiefly  applied  to  organifed  fubfiances,  and  is  rather  a culinary 
or  pharmaceutical  than  a chemical  operation.  It  ferves  to  foften  and  confiderably 
alter  the  parts  of  vegetables  and  animals  but  its  effe&s  in  general  are  too  grofs 
and  complicated  to  afford  fatisfa&ory  theoretical  refults.  In  this  procefs  the 
volatile  parts,  if  any  be  prefent,  fly  away  and  are  loft ; and  it  is  attended  with 
other  inconveniences,  which  the  chemical  practitioner  will  very  readily  perceive. 

DECOMPOSITION.  This  word  was  formerly  ufed  in  afenfe  almoft  oppofite 
to  that  which  univerfally  prevails  at  prefent.  Newton,  Boyle  and  other  earlier 
Englifh  writers,  as  the  annotator  on  Macquer’s  Chemical  Dictionary  obferves, 
ufed  it  to  denote  the  compofition  or  junction  of  two  or  more  bodies  which  were 
previoufly  compounded  of  other  parts.  But  it  is  now  underftood  to  imply  the 
reparation  <5f  the  component  parts  or  principles  of  bodies  from  each  other. 

It  is  diftinguifhable  from  divifion,  becaufe  this  laft  may  confift  in  the  repara- 
tion of  parts  of  the  fame  nature  as  the  body  itfelf,  which  decompofition  does 
not.  Thus  common  fait  may  be  divided  by  pulverizing  or  otherwise,  into  parts 
of  extreme  minutenefs,  which  ftill  continue  to  be  common  fait : but  it  cannot  be 
faid  to  be  decompofed,  until  its  alkali  and  acid  are  feparated  from  each  other. 

The  decompofition  of  bodies  forms  a very  large  part  of  chemical  fcience.  It 
feems  probable  from  the  operations  we  are  acquainted  with,  that  it  feldom  takes 
place  but  in  confequence  of  fome  combination  or  compofition  having  been  ef- 
fected. It  would  be  difficult  to  point  out  an  inftance  of  the  reparation  of  any  of 
the  principles  of  bodies  which  has  been  effeCtecl,  unlefs  in  confequence  of  fome 
combination.  The  only  exceptions  feem  to  confift  in  thofe  reparations  which 
are  made  by  mere  heat ; and  thefe  cannot  be  admitted  as  exceptions  if  we  attend 
to  the  means  by  which  the  temperature  was  originally  raifed,  or  if  we  admit  heat 
to  be  a peculiar  fubftance. 

DECREPITATION.  The  fmall  and  fucceffive  explofions  afforded  in  many 
chemical  operations  are  diftinguifhed  by  this  name.  They  are  either  produced 
by  heating  metallic  fubftances  with  nitre,  which  take  fire  and  explode,  or  elfe  by 
fuddenly  heating  cryftallized  bodies.  Thus  common  fait  which  has  been  de- 
prived of  its  water  of  cryftallization  by  heat  is  called  decrepitated.  See  Salt. 

DELFT  WARE.  A kind  of  pottery  made  at  Delft  in  Holland,  which 
formerly  fupplied  all  Europe,  until  it  was  fupplanted  by  a yellow  pottery  made 
in.  France,  which  has  fin ce  given  place  to  the  queen’s  ware,  and  various  kinds 
of  china  fabricated  in  Great  Britain. 

Pottery  may  be  diftinguifhed  into  two  kinds  ; namely,  that  which  has  a tranf- 
parent  varnifli  .or  glaze,  and  that  which  has  an  opake  glaze.  The  queen’s  ware, 
the  ftone  ware,  and  various  kinds  of  china  are  of  the  former  fort.  The  Delft 
ware  and  other  kinds  of  china  ware  are  of  the  latter  kind.  In  every  kind  of 
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pottery  it  is  an  objeCt  of  great  importance  that  the  expanfions  and  contractions  of 
the  glaze  and  the  body  fhould  be  nearly  the  fame  at  like  temperatures : but 
this  defirable  property  is  feldom  found  in  veflels  covered  with  an  opake  glaze  or 
enamel. 

As  the  Delft  pottery  has  fallen  into  difufe,  it  feems  of  lefs  confequence  to 
enquire  into  its  compofition,  more  efpecially  as  this  difufe  has  been  occafioned 
by  the  production  of  better  potteries.  The  following  obfervations  are  taken  * 
from  a Memoir  by  Mr.  Bofc  d’ Antic,  in  the  6th  volume  of  the  Mem.  des 
Savans  Et rangers. 

Pure  clay  is  not  a fit  material,  when  ufed  alone,  for  the  making  of  Delft  ware. 
Different  kinds  of  earths  mixed  together  are  found  to  fucceed  better.  Pieces  of 
ware  made  of  clay  alone  would  require  too  much  time  to  dry  ; they  would  crack, 
and  would  lofe  their  form,  unlefs  they  were  made  exceedingly  thick.  An  addi- 
tion of  marie  is  found  to  leflen  the  contraction  of  the  clay,  renders  it  lefs  corn- 
pad:,  allows  the  water  to  efcape  in  the  drying  of  the  ware  without  alteration  of 
form,  and  affords  a better  ground  for  the  enamel,  which  appears  more  gloffy  and 
white  than  when  laid  on  clay  alone. 

The  kinds  of  clay  which  are  chiefly  ufed  in  the  compofition  of  Delft  ware, 
are  the  blue  and  green.  But  a mixture  of  blue  clay  and  marie  would  not  be  fuffi- 
ciently  folid,  and  would  be  apt  to  fcale,  unlefs  it  were  expofed  to  a fire  more 
intenfe  than  what  is  commonly  ufed  for  the  burning  of  Delft  ware.  To  give  a 
greater  folidity  fome  red  clay  is  added,  which,  on  account  of  its  ferruginous 
matter,  poflefles  the  requifite  binding  quality.  The  proportions  of  thefe  ingre- 
dients vary  in  different  works,  according  to  the  different  qualities  of  the  earths 
employed.  Three  parts  of  blue  clay,  two  parts  of  red  clay,  and  five  parts  of 
marie,  form  the  compofition  ufed  in  feveral  manufactories.  M.  D’Antic  thinks 
that  the  beft  Delft  might  be  made  of  equal  parts  of  pure  clay  and  pure  calcareous 
earth  but  this  compofition  would  require  that  the  fire  fhould  be  continued  twice 
as  long  as  it  generally  is. 

The  preparation  of  the  white  enamel  with  which  this  ware  is  glazed,  is  an- 
other effential  part  in  which  many  artifts  fail.  M.  D’Antic  recommends  for  this 
purpofe  a mixture  of  an  hundred  pounds  of  calx  of  lead,  with  about  a feventh 
part  of  that  quantity  of  calx  of  tin  for  common  Delft,  or  a fourth  part  of  calx 
of  tin  for  the  fineft  Delft ; an  hundred,  or  an  hundred  and  ten  pounds  of  fine  fand  ; 
and  about  twenty  or  thirty  pounds  of  fea-falt,or  fait  of  glafs. 

DELIQUESCENCE.  The  fpontaneous  afiumption  of  the  fluid  ftate  by 
certain  faline  fubftances,  when  left  expofed  to  the  air,  in  confequence  of  the 
water  they  attraCl  from  thence. 

We  know  of  no  criterions  to  determine,  a priori,  whether  any  combination  Ihall 
be  confident,  efflorefeent  or  deliquefeent  in  the  air.  It  appears  that  whenever 
any  fait  attraCts  moifture  more  ftrongly  than  the  air  is  difpofed  to  retain  it,  it  is 
deliquefeent ; and,  on  the  contrary,  if  the  air  be  more  attractive  of  moifture,  it 
will  caufe  the  fait  to  efflorefee.  Salts,  which  are  not  commonly  deliquefeent, 
will  be  liquefied  in  a very  humid  air,  and  other  falts  ftrongly  attractive  of  humi- 
dity may  be  dried  in  proper  fituations. 

Generally  fpeaking,  the  fimpler  fubftances  are  more  deliquefeent  than  fuch  as 
are  compounded.  So  the  acids  and  pure  alkalis  are  all  ftrongly  attractive  of 

* In  a note  to  the  Englifh  tranflation  of  Macquer’s  Didtionary. 
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water  ; moft  of  the  former  being  difpofed  to  rife  in  diftillation,  long  before  they 
are  deprived  of  the  laft  portions  of  water,  and  confequently  they  are  conftantly 
in  the  fluid  ftate,  unlefs  when  congealed  by  cold. 

DELIQUIUM.  Deliquefcent  falts  are  by  fome  writers  faid  to  fall  into  a 
deliquium. 

DEMI-METAL.  A word  fometimes  ufed  for  femi-metal,  which  fee. 

DEPHLEGMATION.  Any  method  by  which  bodies  are  deprived  of 
water.  The  term  is  nearly  fynonimous  with  concentration.  It  is  effected  either 
by  evaporation  or  congelation,  and  is  chiefly  ufed  in  fpeaking  of  very  aqueous 
fluids,  whereas  the  word  concentration  is  ufually  applied  to  the  extreme  dephleg- 
mation  of  acids. 

DEPHLOGISTICATED.  Deprived  of  phlogifton,  or  the  inflammable 
principle.  As  the  exiftence  of  this  principle  is  an  objedt  of  controverfy,  it  would  be 
defirable  if  all  terms  referring  to  it  were  avoided.  The  pale  nitrous  acid  is  called  de- 
phlogifticated  nitrous  acid  : eminently  refpirable  air  or  vital  air  is  called  dephlo- 
gifticated  air  ; the  more  perfedt  calces  of  metals  are  faid  to  be  dephlogifticated,  &c. 
and  in  all  thefe  and  other  cafes  it  is  eafy  to  exprefs  the  mere  fads  without  uflng 
this  or  any  other  term  dependant  upon  theory. 

DEPHLOGISTICATED  AIR.  See  Air,  Vital. 

DERBYSHIRE  SPAR.  A combination  of  calcareous  earth  with  a peculiar 
acid  called  the  Acid  of  Fluor,  which  fee. 

Fluor  fpar  is  fcarcely  harder  than  the  common  calcareous  fpar.  It  affords  no 
effervefcence  with  acids,  though  totally  foluble  in  nitrous  or  marine  acid.  In 
an  heat  below  ignition  it  affords  a phofphorefcent  light,  as  may  be  tried  by 
placing  a fmall  piece  upon  an  heated  poker.  Borax  eafily  diffolves  it  before 
the  blow-pipe,  as  doesalfo  the  microcofmic  fait  without  ebullition. 

This  fpar  is  ufed  as  a flux  at  the  mines,  whence  it  has  its  name.  Very  elegant 
ornaments  are  made  of  it,  which  are  fold  in  London  at  prices  which  may  be 
termed  extravagant,  unlefs  there  be  difficulties  in  the  cutting  and  polifhing  of 
which  I am  not  aware,  and  fuppofe  there  is  no  reafon  to  imagine. 

When  the  acid  offparfliall  be  applied  to  more  extenfive  ufes  than  at  prefent, 
this  fubftance  will  become  of  value  on  that  account. 

DESTRUCTIVE  DISTILLATION.  When  organifed  fubftances  or  their 
products  are  expofed  to  diftillation  until  the  whole  has  fuffered  all  that  the  fur- 
nace can  effeft,  the  procefs  is  called  deftrudtive  diftillation.  As  this  method  de- 
compofes  bodies  fo  as  to  feparate  their  component  parts  from  each  other  into  a 
ftate  of  confiderable  fimplicity  : and  as  the  original  principles  of  organifed, 
bodies  feem  to  be  few,  the  products  of  fubftances  of  the  vegetable  kingdom, 
though  much  differing  from  each  other  at  firft,  are  found  to  polfefs  charadters  fo 
fimilar  as  to  render  the  method  of  no  great  ufe,  unlefs  in  conjundlion  with  other 
procefles.  The  fame  may  be  obferved  of  the  deftrudtive  diftillation  of  animal 
fubftances. 

DETONATION.  A fudden  combuftion  and  explofion.  The  detonations 
obferved  in  chemical  experiments  are  moftly  carded  by  the  deftrudtion  of  the 
acid  of  nitre  in  contadt  with  fome  combuflible  fubftance.  This  acid  takes  fire 
fpontaneoufly  when  applied  to  charcoal  or  to  elfential  oils^/ee  Acid,  Nitrous)  : 
but  the  fudden  explofion  called  detonation  requires  that  the  acid  (hould  be  in  a 
ftate  nearly  or  completely  dry,  and  the  inflammable  fubftance  of  confiderable 
fixity. 
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Various  theories  of  detonation  exhibiting  confiderable  ingenuity  have  beea 
maintained  by  the  earlier  chemifts,  in  which  the  fa<£ts  are  accurately  dated  and 
plaufibly  accounted  for.  The  difcoveries  of  the  moderns  were  however  wanting 
to  elucidate  this  fubjed:.  Nitrous  falts  are  decompofable  by  mere  heat,  the  acid 
being  feparated  into  its  component  parts,  phlogidicated  and  vital  air.  It  is  this 
vital  air  which  fo  drongly  and  fuddenly  dedroys  combudible  fubftances  in  the 
way  of  detonation.  The  detonation  of  common  nitre  and  charcoal  is  one  of  the 
mod  common,  and  is  feen  in  the  effe£ts  of  gunpowder  (which  fee).  In  experiments 
of  this  kind  it  is  remarkable,  that  the  combudion  is  maintained  by  vital  air, 
which  is  not  in  the  eladic  date,  but  fixed  in  the  nitre  : whence  it  (hould  follow, 
that  either  the  vital  air  or  the  combudible  body,  even  in  the  fixed  date,  have  a 
great  capacity  for  heat,  of  which  they  contain  a large  quantity,  on  the  hypothefis 
of  heat  being  matter.  Or  if  heat  be  a mere  commotion,  it  will  follow  that, 
though  the  quantity  of  agitation  produced  by  the  fudden  coalition  of  particles, 
in  the  a£t  of  converting  an  eladic  fluid  into  a denfe  body,  be  fuch  as  to  produce 
a great  effetfh  in  increafing  the  temperature;  yet  the  quantity  is  dill  confiderable 
enough,  when  vital  air  and  combudible  matter  unite  even  in  their  denfe  date,  to 
caufe  the  mod  intenfe  degree  of  ignition.  See  Clyssus. 

The  dephlogidicated  or  aerated  marine  acid,  being  much  more  ready  to  part 
with  its  vital  air  than  the  nitrous  acid,  is  found  to  afford  a much  more 
fudden  and  dronger  detonation.  A new  kind  of  gunpowder  has  accord- 
ingly been  made  out  of  the  fait  produced  by  the  combination  of  this  aerated 
acid  and  the  vegetable  alkali,  for  which  recourfe  may  be  had  to  the  article 
gunpowder. 

The  mod  remarkable  detonations  in  chemidry  are  afforded  by  gunpowder , /«/- 
minating  powder,  fulminating  gold^  f u 1 m i n at i n g yi/wr , certain  calces  of  mercury , 
and  the  gunpowder  of  dephlogidicated  marine  acid,  which  fee. 

DEW.  Formerly  this  name  was  given  to  the  phlegm  that  rofe  fird  in  the 
didillarion  of  feveraj  fubdances  : thus  the  dew  of  vitriol,  the  dew  of  honey, 
were  the  watery  liquors,  which  rife  fird  when  thefe  fubdances  are  diddled. 

DIAMOND.  The  diamond  is  a mineral  which,  on  feveral  accounts,  appears 
worthy  to  compofe  an  order  by  itfelf.  It  is  found  in  a fandy  earth  in  the  hither 
peninfula  of  India,  in  the  ifland  of  Borneo,  and  in  the  Brazils.  The  form  of 
the  diamond,  when  perfed,  is  that  of  an  eight-fided  pridn.  There  are  alfo  cu- 
bical diamonds,  which  are  fufpedted  to  be  of  a different  nature  from  the  others. 
Diamonds  are  of  a lamellated  texture,  and  may  be  eafily  fplit  by  a blow  in  a 
proper  direction.  The  confent  of  mankind  has  fixed  an  immenfe  value  upon 
this  done.  The  inimitable  qualities  to  which  this  preference  is  attached,  are  its 
hardnefs,  which  is  fuch  that  it  eafily  cuts  all  other  fubdances,  and  takes  a mod 
exquifite  and  lading  polifli ; and  its  very  great  redacting  power,  which  is  fo  con- 
fiderable as  to  occafion  all  the  light  to  be  reflected,  which  falls  on  any  of  its  inte- 
rior furfaces,  at  a greater  angle  of  incidence  than  24^  degrees.  Hence  its  ludre, 
when  cut  into  the  form  of  a regular  folid,  is  very  great.  This  may  be  eafily  un- 
derdood,  when  it  is  confidered  that  an  artificial  gem  does  not  relief  the  light 
from  its  hinder  furface,  until  that  furface  is  inclined  in  an  angle  of  41  degrees. 
The  diamond  therefore  will  not  only  throw  back  all  the  light  which  an  artificial 
gem  would  reflect,  but  likewife  one  half  as  much  more  ; which,  falling  between 
the  angles,  of  41  degrees  and  24^,  would  have  been  differed  to  pafs  through  by 
the  falfe  gem.  It  is  not  furprifing,  therefore,  that  the  effect  of  the  diamond 
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fhould  be  fo  much  greater;  more  efpecially  when  we  attend  to  its  extreme  trans- 
parency, and  the  accuracy  of  its  polifli. 

No  folvent  but  the  vitriolic  acid  has  any  effeft  on  this  gem  ; in  which  if 
diamond  powder  be  triturated,  and  evaporation  carried  on  nearly  to  drynefs,  the 
acid  grows  black,  and  deposits  pellicles  that  burn,  and  are  entirely  confumed. 
In  a heat  fomewhat  greater  than  is  required  to  melt  Silver,  the  diamond  is  en- 
tirely volatilized,  and  confumed  with  a flight  flame;  diminifhing  common  air, 
and  leaving  a foot  behind. 

Diamonds  are  of  all  colours  : the  clear  transparent  ftones  are  the  mod  ef- 
teemed;  and,  next  to  them,  thofe  of  a deeper  tinge.  Whether  thefe  coloured 
ftones  be  really  of  the  fame  nature  as  the  clear  diamond,  has  not  been  ascer- 
tained. The  lapidaries  reckon  them  to  be  diamonds  from  their  hardnefs  and 
luftre. 

The  value  of  diamonds  is  reckoned  by  weight,  at  fo  much  the  carat.  The 
carat  ufed  in  this  valuation  is  divided  into  four  parts,  called  grains ; but  lefs 
than  troy  grains  by  one  fifth  ; for  one  hundred  and  fifty  carats  are  equal  to  the 
troy  ounce  of  four  hundred  and  eighty  grains.  Rough  diamonds,  without  any 
flaw  or  blemifh,  are  valued  at  two  pounds  fterling  the  fingle  carat ; and  the  ex- 
pence of  cutting  amounts  to  3-i  pounds  the  carat.  The  value  is  greatly  diminifhed 
if  the  diamond  be  imperfeft,  or  of  a bad  figure ; and  it  increafes  rapidly  with 
the  fize.  To  find  the  worth  of  a rough  diamond,  its  weight  in  carats  mult  be 
Squared,  and  multiplied  by  two,  and  the  product  will  be  pounds  fterling.  A cut 
or  finiflied  diamond  is  worth  four  times  as  much  as  one  that  is  Still  rough.  Thofe 
of  the  greateft  brilliancy  are  Sometimes  valued  at  a higher  rate ; but  this  value 
has  never  been  applied  to  ftones  of  exceflive  magnitude.  It  does  not  appear 
that  any  fum  exceeding  one  hundred  and  fifty  thoufand  pounds  has  been  given 
for  a diamond.  See  Magellan’s  improved  edition  of  Cronftedt’s  Mineralogy,  for 
a confiderable  mafs  of  entertaining  information  on  this  fubjedt. 

DIAPHORETIC  ANTIMONY.  This  is  a white  calx  of  antimony,  made 
by  calcining  antimony  with  thrice  its  weight  of  nitre.  See  Antimony. 

DIGESTION.  The  flow  a&ion  of  a folvent  upon  any  fubftance  for  a length 
of  time,  is  called  digeftion  by  chemifts.  In  this  operation  the  a&ion  of  the 
folvent  is  frequently  aflifted  by  heat,  in  fume  inftances  ftronger  than  in  others, 
but  feldom  equal  to  that  of  boiling  water.  Chemical  writers  frequently  mention 
a digefting  heat.  No  definite  application  is  made  of  thefe  terms,  but  they 
tifually  fignify  a degree  of  heat  exceeding  that  of  living  animals,  and  lefs  than, 
that  of  boiling  water,  fuch  as  may  be  produced  by  placing  a veflel  in  hot  alhes. 
It  may  therefore  be  taken  to  be  fomewhere  about  1 50  degrees. 

DIGESTIVE  SALT.  One  of  the  names  which  have  been  given  to  the  neutral 
combination  of  marine  acid  and  vegetable  alkali. 

DIGESTOR.  The  digeftor  is  an  inftrument  invented  by  Mr.  Papin  about 
the  beginning  of  the  prefent  century,  and  ufually  called  Papin’s  digeftor.  It  is 
a ftrong  veflel  of  copper  or  iron,  with  a cover  adapted  to  fcrew  on  with  pieces 
of  felt  or  paper  interpofed.  In  fome  veflelsof  this  kind  the  cover  is  made  of  an 
elliptical  form,  and  is  inferted  through  an  opening  of  the  fame  figure,  which  it 
completely  clofes  by  application  of  its  upper  furface  to  the  internal  furface  of  the 
veflel.  A valve  with  a fmall  aperture  is  made  in  the  cover,  the  ftopper  of  which 
valve  may  be  more  or  lefs  loaded  either  by  a&ual  weights,  or  by  prefl'ure  from  an 
apparatus  on  the  fleel-yard  principle. 
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Thepurpofe  of  this  veffel  is  to  prevent  the  lofs  of  heat  by  evaporation.  The 
Solvent  power  of  water  when  heated  in  this  veffel  is  greatly  increafed,  chiefly 
no  doubt  on  account  of  its  increafed  temperature,  and  likewife  in  all  proba- 
bility on  account  ' of  the  preffure  exerted  by  the  re-a&ion  of  the  elaftic  water 
or  fteam  which  is  upon  the  point  of  being  generated. 

I do  not  hear  of  many  experiments  made  by  this  engine.  The  inventor  pro- 
pofed  it  as  a culinary  utenfil,  by  which  the  grifly  and  bony  parts  of  animals 
might  be  combined  with  water  in  the  form  of  a jelly,  as  is  in  fad  the  cafe.  But- 
whether  a food  fo  loaded  with  the  phofphoric  fait  of  lime  would  be  wholefome 
may  perhaps  admit  of  ferious  doubts. 

Bergman  thought  tha!t  the  digeftor  might  exhibit  a confiderable  folvent  power 
of  water  upon  the  pure  earths,  and  he  confidered  the  depofition  of  filiceous  earth 
from  the  hot  water  of  the  ftupendous  fountain  of  Geyfer  in  Iceland,  mentioned 
by  Vontroil,  as  a proof  of  fuch  a folution. 

DISTILLATION.  The  feparation  of  a volatile  fluid  from  other  fubftances 
which  are  lefs  volatile,  by  applying  a due  degree  of  heat  to  the  mixture,  and 
afterwards  condenfing  the  vapours  in  another  part  of  the  apparatus  by  cooling. 
The  older  chemical  writers  diftinguilhed  three  kinds  of  diftillation,  perafeenfum, 
per  defeenfum,  and  per  latus. 

The  diftillation  per  afeenfum  is  performed  with  an  alembic  : here  the  elaftic 
vapours  rife  perpendicularly,  and  are  condenfed  in  the  head  of  the  veffel,  from 
which  they  run  into  the  receiver  through  the  beak.  Large  ftills  are  conftru&ed 
oh  this  principle.  The  chief  advantage  it  feems  to  poffeffs  confifts  in  the  faci- 
lity with  which  the  refidues  of  the  diftillation  may  be  come  at ; and  in  thole  few 
inftances  wherein  confiderable  quantities  of  flowers  or  pulverulent  matter  rife 
along  with  other  vapours  which  are  condenfed  into  the  fluid  form,  it  may.  perhaps 
afford  fome  facility  in  feparating  them. 

The  diftillation  formerly  denominated  per  defeenfum  confifted  in  placing 
certain  herbs  or  other  fubftances  in  a (hallow  tray  or  cullender,  which  was  applied 
like  a cover  to  a tall  cylindrical  glafs  veffel.  Another  cover  was  then  laid  over 
this  cullender,  which  confifted  of  a pan  containing  lighted  charcoal.  The 
heat  was  therefore  applied  above  the  materials,  and  the  volatile  parts  were 
forced  to  defeend  and  became  condenfed  againft  the  fides  of  the  veffel.  Phi- 
lofophical  chemifts  at  prefent  confider  this  method  as  entirely  ufelefs  ; but  there 
are  feveral  inftances  of  its  convenient  and  advantageous  application  in  large  works, 
as  in  the  diftillation  of  zinc,  of  pit-coal,  and  other  fubftances. 

The  diftillation  per  latus  is  the  fimpleft  and  mod  extenfively  ufed  : a retort 
and  a receiver  are  the  feweft  veflels  which  can  be. ufed  in  this  way  ; and  where 
the  heat  is  properly  managed,  every  operation  of  the  other  methods  may  be  per- 
formed in  this  way  with  great  facility.  It  has  accordingly  happened  that  mod 
of  the  improvements  of  diftillation  for  philofophical  purpofes  have  been  made  in 
this  method.  See  Apparatus. 

The  general  rule  for  performing  all  diftillations  in  the  moft  fafe,  accurate,  and 
perfect  manner  confifts  in  applying  no  more  heat  than  is  neceflary  to  raife  the 
volatile  matter,  and  in  keeping  the  receiving  apparatus  fufficiently  cool,  either 
by  furrounding  it  with  wet  cloths,  immerfing  it  in  water,  occafionally  renewed 
or  kept  cold  by  putting  ice  or  fnow  into  it,  &c. 

DITTANY  OF  CRETE.  Sixteen  ounces  of  the  leaves  of  this  plant  yield 
about  half  a dram  of  a ftrong,  aromatic,  eflential  oil,  which  coagulates  by  cold, 
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refembling  camphor.  From  an  ounce  of  this  plant  Neumann  obtained  with, 
water  two  drams  and  a fcruple  of  extraCl  ; and  from  the  fame  quantity,  with  fpirit 
of  wine,  he  obtained  a dram  and  a half  of  refinous  extraCl.  He  obferves  that 
the  green  colour  of  the  leaves  refides  in  the  relin,  and  is  extradlible  by  fpirit, 
efpecially  after  water  had  previoufly  extracted  the  gummy  parr,  fome  of  which 
being  alfo  foluble  by  fpirit  along  widi  the  refin,  alters  the  colour  of  the  fpirituous 
tinCture. 

DIVISION.  Some  writers  ufe  this  word  as  a term  to  denote  every  mechanical 
feparation  of  the  parts  of  bodies.  According  to  this  notion,  clipping,  pounding, 
trituration,  levigation  and  the  like,  are  methods  of  divifion. 

DOCI MASTIC  ART.  This  name  is  given  to  the  art  of  allaying,  or  de- 
termining by  experiments  in  the  fmall  way,  the  quantities  and  nature  of  the 
component  parts  of  bodies  intended  to  beufed  in  commerce.  See  Assay,  Blow- 
pipe, Analysis,  and  the  feveral  metals. 

DOME.  An  hemifpherical  covering  of  forged  iron,  with  a tube  or  chimney 
proceeding  from  its  upper  part.  The  cavity  between  the  dome  and  the  fuel,  and 
likewife  the  internal  fpace  in  the  chimney,  being  filled  with  air  much  rarefied  by 
heat  produce  a ftrong  draft,  and  greatly  increafe  the  intenfity  of  the  fire.  Ic 
has  alfo  been  fuppofed  to  refleCt  the  heat  or  flame  upon  the  veflels,  and  on 
that  account  a furnace  with  a cover  of  this  form  is  called  a reverberatory 
furnace. 

DORONICUM.  From  two  ounces  of  the  dry  root  were  obtained  by  water 
fourteen  drams  of  extrad  ; and  from  the  fame  quantity,  with  fpirit,  four  drams 
and  a half.  This  root  is  fuppofed  by  fome  to  be  poifonous,  efpecially  when 
frelh. — Neumann. 

DRAGON’S  BLOOD  is  a red-coloured,  inodorous,  and  infipid  relin,  in- 
foluble  in  water,  foluble  in  fpirit  of  wine  and  in  oils,  to  both  which  liquors  it 
communicates  a red  colour.  By  fire  it  is  fufible,  inflammable,  and  it  emits  an 
acid  vapour,  like  that  of  benzoin.  A folution  of  dragon’s  blood  in  fpirit  of  wine 
is  ufed  for  ftaining  marble,  to  which  it  gives  a red  tinge,  which  penetrates 
more  or  lefs  deeply  according  to  the  heat  of  the  marble  during  the  application. 
But  as  it  fpreads  at  the  fame  time  that  it  finks  deep,  for  fine  defigns  the  marble 
fhould  be  cold.  Mr.  Du  Fay  fays,  that,  by  adding  pitch  to  this  folution,  the 
colour  may  be  rendered  deeper. 

DRAKE  or  DRUSE-HOL.  A Swedilh  denomination  ufed  to  exprefs  a 
duller  of  cryftals  which  line  a cavity  in  any  mineral. 

DRYING-OIL.  Fat  oils  require  a very  long  time  to  become  confiftent  by 
expofure  to  the  atmofphere;  but  painters  render  them  more  difpofed  to  dry,  by 
boiling  them  with  calces  of  lead.  Linfeed  oil  holding  calx  of  lead  in  folution, 
which  it  takes-  up  by  boiling  with  litharge,  is  called  drying  oil  from  this  pro- 
perty. 

DUCTILITY.  That  property  or  texture  of  bodies  which  renders  it 
practicable  to  draw  them  out  in  length,  while  their  thicknefs  is  diminilhed 
without  any  aCtual  fraCture  of  their  parts.  This  term  is  almoft  exclufively  ap- 
plied to  metals,  and  implies  that  they  are  capable  of  being  made  into  wire,  by 
drawing  a portion  of  the  metal  through  an  hole  in  a plate  of  Heel  or  other  proper 
com-pofition.  The  duCtility  of  a metal  depends  therefore  on  two  circumftances, 
namely,  its  malleability  or  property  of  extending  by  preflure,  and  its  tenacity  or 
power  of  refilling  an  aCtual  feparation  of  its  parts.  If  the  metal  be  not  malleable 
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enough,  it  will  refill;  the  action  of  the  wire-drawer’s  plate,  and  not  change  its 
figure  to  a fufficiently  fmall  diameter  to  come  through  : if,  on  the  other  hand, 
it  be  very  malleable,  but  at  the  fame  time  deficient  in  tenacity,  the  part  which 
has  been  put  through  the  hole  may  not  be  ftrong  enough  to  bear,  without  break- 
ing, that  pull  which  is  neceffary  to  form  the  wire. 

Gold,  filver,  platina,  copper,  and  iron  have  tenacity  and  malleability  enough 
to  afford  very  fine  wire.  Lead  and  tin  have  not  tenacity  enough  to  be  wrought  in 
this  way  to  any  advantage,  though  the  hammer  and  the  laminating  rollers  are 
capable  of  extending  them  to  extreme  thinnefs.  Zinc  laminates  very  well,  but 
fcarcely  fupports  the  fudden  adion  of  the  hammer  without  breaking,  and  is  al- 
together unfit  to  be  drawn  into  wire. 

Moll  authors  confound  the  words  malleability,  laminability,  and  dudility 
together,  and  ufethem  in  aloofe  indiferiminate  way;  but  they  are  very  different. 
Malleability  is  the  property  of  a body  which  enlarges  one  or  two  of  its  three 
dimenfions,  by  a blow  or  preffure  very  fuddenly  applied.  Laminability  belongs  to 
bodies  extenfible  in  dimenfion  by  a gradually  applied  preffure.  And  ductility 
is  properly  to  be  attributed  to  fuch  bodies  as  can  be  rendered  longer  and  thinner 
by  drawing  them  through  an  hole  of  lefs  area  than  the  tranfverfe  fedion  of  the 
body  fo  drawn. 

DUCKSTEIN.  The  duckftein  of  the  Germans  is  a white  calcareous  (lone, 
formed  by  the  depofition  of  chalk  from  water,  in  which  it  is  diffufed.  It  is 
generally  formed  on  branches  or  roots  of  trees,  and  ftones  of  different  kinds,  and 
differs  from  the  ftaladites  in  its  mode  of  formation,  this  laft  being  depofited  by 
water  in  the  ad  of  evaporation  as  it  tranfudes  through  the  roofs  of  caverns. 

DULCIFICATION.  A medical  procefs  confifling  in  combining  the  mine- 
ral acids  with  ardent  fpirit  by  digeflion,  or  more  frequently  by  diflillation;  The 
proceffes  for  this  purpofe  are  not  in  general  very  fcientific.  When  ether  is  made, 
the  firfl  produce  is  very  pure  ardent  fpirit,  little  altered,  or  flighdy  combined 
with  fome  acid  ; next  the  ether,  then  phlogifticated  or  partly  decompofed  acid, 
with  fome  vinegar,  according  to  the  management  of  the  operation.  The  dulci- 
fied acids  of  the  difpenfatories  confifl  of  an  admixture  of  thefe  products,  which 
in  all  probability  is  feldom  the  fame  in  different  laboratories,  where  the  degrees 
of  heat,  the  time  of  charging  the  receiver,  and  other  effential  circumftances,  are 
liable  to  be  varied. 

DYING.  The  art  of  dying  is  confidered  as  of  great  importance  to  fociety, 
according  to  its  prefent  habits  and  ufages.  It  confifts  in  fixing  upon  cloths  of 
various  kinds  any  colour  which  may  be  required,  in  fuch  a manner  as  that  they 
fhall  not  be  eafily  altered  by  thofe  agents  to  which  the  cloth  will  moft  probably 
be  expofed  during  its  courfe  of  wear. 

As  there  can  be  no  probable  caufe  by  which  any  colouring  matter  can  adhere 
to  any  cloth,  except  an  attradion  fubfifting  between  the  two  fubftances,  it  muft 
follow  that  there  will  be  few  tingeing  matters  capable  of  , indelibly  or  ftrongly 
attaching  themfelves  by  fimple  application.  For  fuch  an  attachment  would 
miply  that  the  eledive  attradion  by  which  it  was  effeded  was  flronger  than  all 
or  moft  others  ; a circumftance  in  the  order  of  events  not  likely  to  happen  often. 
On  this  account  it  is  that  moft  of  the  dying  proceffes  appear  to  confift  in  ap- 
plying fome  fubftance  or  principle  to  the  cloth,  which  forms  a colouring  matter, 
nearly  infoluble  by  combining  with  fome  other  principle  applied  to  it  in  its  ftate  of 
adhefion  to  die  cloth. 
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Dying  is  therefore  a chemical  art  j and  if  the  operations  were  no  more  com- 
plicated than  is  here  expreffed,  it  would  be  eafy  not  only  to  acquire  a perfed 
theory  of  its  proceffes,  but  likewife  to  bring  many  of  them  to  perfedion,  which 
at  prefent  conftitute  its  greateft  reproach.  But  the  effeds  and  combinations 
produced  in  this  way  being  not  only  to  all  appearance  dependant  on  compound 
adions  of  chemical  affinity,  but  likewife  in  general  produced  by  means  difcovered 
by  mere  and  almoft  cafual  trial,  it  is  found  that  no  fmall  degree  of  fagacity  and 
affiduous  refearch  are  neceffary  to  determine  the  ufes  and  advantages  of  the 
feveral  ingredients.  In  addition  to  thefe  impediments,  the  theory  of  dying 
has  been  greatly  impeded  in  its  progrefs,  by  the  little  intereft  men  of  fcience 
have  found  in  attempting  to  repeat  its  manipulations,  and  the  jealoufy  of  manu- 
fadhirers,  who,  with  fome  juftice,  are  inclined  to  eftimate  their  property 
in  their  own  gainful  difcoveries,  as  a poffeffion  which  they  have  a right  to  mo- 
nopolize by  keeping  them  fecret.  It  has  accordingly  happened  from  thefe 
caufes,  that  dying  has  been  merely  a pradical  art,  till  very  lately,  that  it  has  been 
cultivated  by  a few  eminent  chemifts. 

The  earlier  theories  of  dying,  like  the  commencements  of  the  other  branches  of 
natural  philofophy,  have  been  deduced  in  objeds  apparently  too  remote  for  our 
prefent  means  of  investigation,  namely,  the  configuration  of  the  particles  of  bodies. 
Newton,  from  obfervations  on  the  colours  exhibited  by  light  refleded  from, 
or  tranfmitted  through,  thin  tranfparent  bodies,  as  exhibited  in  experiments  too 
few  and  imperfed  to  have  afforded  fatisfadory  conclufions  in  the  hands  of  a philo- 
fopher  of  lefs  fagacity,  formed  a general  inference,  that  the  colours  of  all  bodies 
are  governed  by  the  magnitude  of  their  particles.  He  likewife  brought  their 
denfities  into  confideration,  as  a modifying  circumftance,  but  this  only  in  a 
conjedural  way,  and  he  altogether  overlooked  that  property  which  on  another 
occafion  he  had  noticed  as  increafing  their  refrading  power,  namely  their  com- 
bustibility. M.  Delaval,  in  his  Treatife  on  Light  and  Colours,  and  a fubfe- 
quent  paper  in  the  Manchester  Memoirs,  has  difplayed  this  dodrine  very  much 
at  large,  with  many  valuable  improvements  and  difcoveries.  It  is  evident 
however  that  much  remains  to  be  done  before  any  clear  and  pradical  applica- 
tion of  this  theory  can  take  place.  If  we  fuppofe  that  a due  magnitude  and  re- 
fradive  power  be  all  that  is  neceflary  for  the  particles  of  bodies  to  exhibif  a 
determinate  colour  in  white  light,  which  indeed  feems  to  be  nearly  proved,  we 
(hall  find  no  data  among  our  prefent  acquisitions  fuffici?nt  to  afford  any  deter- 
mination of  thefe  requisites.  To  produce  a green  colour  there  will  be  no  con- 
stant thicknefs  or  magnitude  of  particles  required  ; for  this  will  vary  with  the 
refledive  power.  We  know  that  the  refiedive  and  refradive  powers  are  the 
fame,  and  are  not  governed  by  the  mere  denfity,  but  are  greateft  in  combuf- 
tible  bodies.  And  when,  in  addition  to  thefe  difficulties  with  groffer  bodies,  we 
observe  that  there  is  no  poffibility  of  determining  either  the  magnitude,  figure, 
denfity,  or  other  obvious  properties  of  indifcernible  particles,  we  may  juftly 
conclude  that  it  will  be  a long  time  before  we  Shall  be  able  to  apply  the  New- 
tonian theory  to  the  art  of  dying. 

The  theory  of  the  celebrated  Hellot,  fuppofed  that  the  pores  of  bodies  are 
opened  by  the  heat  ufed  in  dying,  that  the  colouring  matter  was  depofited  in 
thefe  interftices,  and  there  firmly  held  by  the  fubfequent  contradion  of  cooling,, 
affifted  by  a kind  of  varniSh  or  covering  depofited  by  the  falts  made  ufe  of. 
This  theory  has  not  met  with  much  fuccefs,  though,  like  other  hypothetical 
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{peculations  on  obfcure  objects,  it  may  not  be  difficult  to  apply  it  to  mod  of 
the  known  fadls.  It  is  moreover  contradicted  not  only  by  the  circumflance 
that  the  fluff  does  not  in  all  inflances  take  the  colour  of  the  dyer’s  bath,  but 
fome  other  colour,  and  that  it  fometimes  happens  that  the  bath,  in  (lead  of  fharing 
its  colour  with  the  fluff,  as  it  ought  to  do,  is  rendered  as  clear  as  water  by  an 
entire  privation  of  all  its  tinging  matter : both  which  circumflances  evidently 
prove  that  a chemical  combination  takes  place  in  confequence  of  an  attraction, 
exerted  between  the  fluff  and  the  colouring  matter. 

The  attention  of  philofophers  is  not  therefore  at  prefent  much  diredled  to- 
wards the  mechanifm  of  the  particles  of  bodies  ufed  in  dying,  but  to  the  elec- 
tive attractions  exercifcd  between  them,  and  the  nature  of  the  compounds  they 
form.  In  this  enquiry  they  have  naturally  endeavoured  to  extend  their  re- 
fearches  by  endeavouring  to  generalize  particular  faCls.  Some  have  fuppofed 
the  various  colours  of  bodies  to  be  in  a very  great  meafure  owing  to  the  prefence  of 
iron;  a body  the  mofl  univeifally  diffufed,  and  fufceptible  of  a great  variety  of 
fhades  of  cdlour,  according  to  the  degree  of  calcination  it  may  have  undergone.  It 
does  not  however  appear  that  this  metal,  though  fo  widely  diffufed,  is  found  in 
fufficient  quantity  to  be  admitted  as  the  efficient  caufe  of  the  tinges  induced  upon 
bodies.  But  the  more  modern  chemifls  have  with  no  fmall  degree  of  probability 
applied  the  doCtrines  of  combuflion  and  revivification,  or  the  combination  and  dis- 
engagement of  vital  air  to  the  fixation  and  difcharging  of  colours. 

The  mofl  remarkable  general  faCl  in  the  art  of  dying  confifls  in  the  different 
degrees  of  facility  with  which  animal  and  vegetable  fubflances  attraCl  and  retain 
colouring  matter,  or  rather  the  degree  of  facility  with  which  the  dyer  finds  he 
can  tinge  them  with  any  intended  colour.  The  chief  materials  of  fluffs  to  be 
dyed  are  wool,  filk,  cotton  and  linen,  of  which  the  former  are  more  eafily  dyed  than 
the  latter.  This  has  been  ufualiy  attributed  to  their  greater  attt action  to  the 
tinging  matter ; though  it  does  not  appear  to  be  true  in  all  cafes,  becaufe  the 
fluffs  more  difficult  to  be  dyed  will  abforb  a greater  quantity  of  that  matter, 
before  they  acquire  the  requifite  intenfity  of  colour  obtainable  in  the  former  by 
a lefs  proportion  of  the  fame  drug.  In  every  attempt  to  deduce  the  caufes  of 
thefe  different  effects,  it  is  proper  to  enquire  into  the  properties  of  thefe  bodies 
by  experiment. 

Wool,  filk,  cotton,  and  linen,  though  In  various  refpedls  fimilar  to  each 
other,  are  neverthelefs  found  to  differ  exceedingly  in  others.  In  the  method  of* 
deflrudive  diflillation,  wool  yields  much  impure  volatile  alkali,  a portion  of 
empyreumatic  oil,  leaving  about  one  fifth  of  incombuflible  fixed  refidue.  Silk 
affords  lefs  volatile  alkali  and  oil,  and  more  refidue.  Cotton  affords  no  volatile 
alkali  and  little  oil,  but  fome  acid,  leaving  little  coal  which  may  for  the  mofl  parX 
be  burned  by  calcination  in  the  air.  Here  we  obferve  a very  confiderable  differ- 
ence in  the  habitudes  and  produ&s  of  the  feveral  fubflances ; but  the  fcientific 
experiments  of  Berthollet  fhew  it  flill  more  evidently.  He  diflil'led  nitrous  acid 
from  filkf-,  and  obtained  faccharineacid,  with  a greafy  matter,  which,  though  it  at 
firfl  congealed  on  the  furface  of  the  liquor  in  the  receiver,  was  afterwards  diffolved 
in  it  by  means  of  hear,  even  though  diluted  with  water  with  which  it  pafied  through 
the  filter.  Wool  alfo  afforded  the  fame  greafy  matter,  and  acid  of  fugar ; the 
lafl  of  which  was  more  abundant  in  quantity  than  he  obtained  by  the  fame 
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Treatment  from  any  other  fubftance.  But  the  oily  part  of  vegetables  was  totally 
deftroyed  by  fimilar  treatment,  no  greafy  matter  being  afforded  ; and  on  analyfing 
cotton,  he  .obtained  faccharine  acid,  but  no  other  product,  and  the  quantity  was 
far  inferior  to  that  yielded  by  animal  fubftances.  It  was  remarkable  that  the 
cotton  left  no  refidue,  but  was  entirely  converted  into  elaftic  fluid  and  faccharine 
acid,  which  laft  is  likewife  eafily  convertible  into  the  permanently  elaftic  acid, 
called  fixed  air. 

Mr.  Henry,  * in  his  remarks  on  thefe  experiments,  appears  to  think  that  the 
chief  difference  between  the  animal  and  vegetable  fubftances  confifts  in  the  fdrmer 
containing  a more  abundant  greafy  principle,  foluble  in  a watery  menftruum, 
which  the  more  fparing  portion  of  oil  in  the  latter  is  not ; and  likewife  in 
the  animal  fubftance  containing  alkali,  or  at  leaft  one  of  its  component  parts : 
whereas  the  vegetable  affords  acid.  On  thefe  circumftances  indeed  the  different 
modes  of  treatment  evidently  depend.  So  that  it  is  remarkable  that  vegetable 
fubftances,  whofe  oil  is  wholly  deftroyed  by  nitrous  acid,  and  to  whofe  texture 
the  mineral  acids  are  in  general  injurious,  will  bear  ft’eeping  in  folutions  of 
cauftic  alkali  of  fuch  ftrength  as  would  prove  totally  deftruftive  to  wool. 

Wool  is  naturally  fo  much  difpofed  to  combine  with  colouring  matter  that  it 
requires  but  little  preparation  for  the  immediate  proceffes  of  dying  ; nothing 
more  being  required  than  to  cleanfe  it,  by  fcouring  from  a fatty  fubftance, 
called  the  yolk,  which  is  contained  in  the  fleece.  For  this  purpofe  an  alkaline 
liquor  is  neceffary  ; but  as  alkalis  injure  the  texture  of  the  wool,  a very  weak 
folution  muft  be  ufed.  For  if  more  alkali  were  prefent  than  is  fufficient  to  con- 
vert the  yolk  into  foap,  it  would  attack  the  wool  itfelf.  Putrid  urine  is  there- 
fore generally  ufed,  as  being  cheap  and  containing  a volatile  alkali,  which  unit- 
ing with  the  greafe,  renders  it  foluble  in  water. 

Silk  when  taken  from  the  cone  is  covered  with  a kind  of  varnifh,  which, 
becaufe  it  does  not  eafily  yield  either  to  water  or  ardent  fpirit,  is  ufuaily  faid  to 
be  foluble  in  neither.  It  is  therefore  ufual  to  boil  the  filk  with  an  alkali,  to  dif- 
engage  this  matter.  Much  care  is  neceffary  in  this  operation,  becaufe  the  filk 
itfelf  is  eafily  corroded  or  difcoloured.  Fine  foap  is  commonly  ufed,  but  even 
this  is  faid  to  be  detrimental;  and  the  white  China  filk,  which  is  fuppofed  to  be 
prepared  without  foap,  has  a luftre  fuperior  to  that  of  Europe.  It  is  however 
more  than  probable  that  the  Chinefe  have  a different  kind  of  filk-worm  be- 
fides  that  cultivated  in  Europe.  A weak  folution  of  mild  mineral  alkali  has 
been  ufed  with  fuccefs  by  M.  Rigaut,  in  clearing  filk  of  its  varnifh,  and  the 
Abbe  Cullomb  has  performed  the  fame  thing  by  boiling  filk  for  nine  hours  in 
water.  Silk  lofes  about  one  fourth  of  its  weight  by  being  deprived  of  its  varnifh. 

The  whitenefs  and  foftnefs  of  filk  is  confiderably  improved  by  clearing  it  of 
its  varnifh  ; but  it  receives  a ftill  farther  degree  of  brilliancy  by  expofing  to  the 
fumes  of  fulphur,  fublimed  or  fet  on  fire  in  a clofe  ftove  or  clofee.  What 
happens  in  this  operation  has  not  been  well  explained.  Silk  thus  treated  has  a 
crilp  feel,  as  if  flowers  of  fulphur  were  inclofed  between  its  threads,  which  is 
probably  the  cafe.  It  feemsas  if  a portion  of  the  fulphur  entered  into  combina- 
tion with  the  colouring  principle  of  the  filk,  and  formed  a colourlefs  or  trans- 
parent compound  : and  accordingly  it  is  found  lefs  capable,  in  general,  of  being 
eafily  dyed  than  the  filk  which  has  not  been  fcoured  and  fulphured. 
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Cotton  and  linen  are  cleared  of  a tinging  matter,  which  Mr.  Kirwan  finds  in 
the  latter  to  be  neither  gummy  nor  refinous,  but  rather  refembling  lac.  Alkalis 
atfl  upon  this  matter,  and  difiolve  it  after  it  has  fuffered  a kind  of  combuftion  by 
expofure  to  air  and  the  fun’s  light  in  the  bleach  ground.  See  Bleaching. 

The  intention  of  the  previous  preparations  feems  to  be  of  two  kinds.  The  firft 
to  render  the  fluff  or  material  to  be  dyed  as  clear  as  poffible,  in  order  that  the 
aqueous  fluid  to  be  afterwards  applied,  may  be  imbibed  and  its  contents  adhere 
to  the  minute  internal  furfaces.  The  fecond  is,  that  the  fluff  may  be  rendered 
whiter  and  more  capable  of  reflecting  the  light  and  confequently  enabling  the 
colouring  matter  to  exhibit  more  brilliant  tints. 

. Some  of  the  preparations  however,  though  confidered  merely  as  preparative, 
do  really  conftitute  part  of  the  dying  proceffes  themfelves.  In  many  inftances 
a material  is  applied  to  the  fluff'  to  which  it  adheres,  and  when  another  fuitable 
material  is  applied,  the  refult  is  fome  colour  defired.  Thus  we  might  dye  a 
piece  of  cotton  black,  by  immerfing  it  in  ink  ; but  the  colour  would  be  neither 
good  nor  durable,  becaufe  the  particles  of  precipitated  matter  formed  of  the  calx 
of  iron,  and  acid  of  galls,  are  already  coagulated  in  maffes  too  grofs  either  to 
enter  the  cotton,  or  to  adhere  to  it  with  any  confiderable  degree  of  ftrength. 
But  if  the  cotton  be  foaked  in  an  infufion  of  galls,  then  dried,  and  afterwards 
immerfed  in  a folution  of  vitriol  (or  other  more  proper  ferruginous  fait),  the  acid  of 
galls  being  every  where  diffufed  through  the  body  of  the  cotton,  will  receive 
the  particles  of  calx  of  iron,  at  the  very  inftant  of  their  tranfition  from  the  fluid 
or  diflblved  to  the  precipitated  or  folid  ftate ; by  which  means  a perfedt  cover- 
ing of  the  black  inky  matter  will  be  applied  in  clofe  contadl  with  the  furface 
of  the  mod  minute  fibres  of  the  cotton.  This  dye  will  therefore  not  only  be 
more  intenfe,  but  likewife  more  adherent  and  durable. 

The  French  dyers,  and  after  them  the  Englilh,  have  given  the  name  of  the 
mordant  to  thofe  fubftances  which  are  previoufly  applied  to  piece  goods,  in 
order  that  they  may  afterwards  take  a required  tinge  or  dye. 

It  is  evident  that  if  the  mordant  be  univerfally  applied  over  the  whole  of  a 
piece  of  goods,  and  this  be  afterwards  immerfed  in  the  dye,  it  will  receive  a 
tinge  over  all  its  furface  ; but  if  it  be  applied  only  in  parts,  the  dye  will  ftrike 
in  thofe  parts  only.  The  former  procefs  conftitutes  the  art  of  dying,  properly 
tfo  called  ; and  the  latter,  the  aCl  of  painting,  ftaining,  or  printing,  woollens,  cot- 
tons, or  linens. 

In  the  art  of  printing  piece  goods,  the  mordant  is  ufually  mixed  with  gum 
leneca  and  applied  by  means  of  blocks  or  wooden  engravings  in  relief,  or  from 
copper  plates,  and  the  colours  are  brought  out  by  immerfion  in  veffels  filled 
with  fuitable  compofitions.  Dyers  call  the  latter  fluid  the  bath.  The  art  of 
printing  affords  many  proceffes  in  which  the  effect  of  mordants,  both  fimple  and 
compound,  are  exhibited.  The  following  is  taken  from  Berthollet. 

The  mordant  employed  for  linens,  intended  to  receive  different  fhades  of  red, 
is  prepared  by  diffolving  in  eight  pounds  of  hot  water,  three  pounds  of  alum, 
and  one  pound  of  fugar  of  lead,  to  which  two  ounces  of  potafh  and  afterwards 
two  ounces  of  powdered  chalk,  are  added. 

In  this  mixture  the  vitriolic  acid  combines  with  the  lead  of  the  fugar  of  lead, 
and  falls  down  becaufe  unfoluble,  while  the  argillaceous  earth  of  the  alum  unites 
with  the  acetous  acid  difengaged  from  the  fugar  of  lead.  The  mordant  there- 
fore confifts  of  an  argillaceous  acetous  fait,  and  the  fmall  quantities  of  alkali  and 
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chalk  ferve  to  neutrallize  any  difengaged  acid  which  might  be  contained  in  the 
liquid. 

Several  advantages  are  obtained  by  thus  changing  the  acid  of  the  alum.  Firft, 
the  argillaceous  earth  is  more  eafily  difengaged  from  the  acetous  acid,  in  the 
fubfequent  procefles,  than  it  would  have  been  from  the  vitriolic.  Secondly,  this 
weak  acid  does  lefs  harm  when  it  comes  to  be  difengaged  by  depriving  it  of  its 
earth.  And  thirdly,  the  acetous  alum  not  being  cryftallizable  like  the  vitriolic 
alum,  does  not  feparate  or  curdle  by  drying  on  the  face  of  the  blocks,  for 
printing,  when  it  is  mixed  with  gum  or  ftarch. 

When  the  defign  has  been  impreffed  by  transferring  the  mordant  from  the 
face  of  the  wooden  blocks  to  the  cloth,  it  is  then  put  into  a bath  of  madder, 
with  proper  attention  that  the  whole  fhall  be  equally  expofed  to  this  fluid.  Here 
the  piece  becomes  of  a red  colour,  but  deeper  in  thofe  places  where  the  mor- 
dant was  applied.  For  fome  of  the  argillaceous  earth  had  before  quitted  the 
acetous  acid,  to  combine  with  the  cloth  ; and  this  ferves  as  an  intermedium  to 
fix  the  colouring  matter  of  the  madder  in  the  fame  manner  as  the  acid  of  galls, 
in  the  former  inftance,  fixed  the  particles  of  falx  of  iron.  With  the  piece  in 
this  (late,  the  callico-printer  has  only  therefore  to  avail  himfelf  of  the  difference 
between  a fixed  and  a fugitive  colour.  He  therefore  boils  the  piece  with  bran, 
and  fpreads  it  on  the  grafs.  The  fecula  of  the  bran  takes  up  part  of  the  colour, 
and  the  aftion  of  the  fun  and  air  renders  morfe  of  it  combinable  with  the  fame 
fubftance.  The  operations  of  boiling  with  bran  and  expofure  in  the  field  are 
alternately  repeated  till  the  ground  becomes  white  and  the  defign  only  remains. 
It  feems  evident  that  this  difcharge  of  the  colour  is  performed  nearly  in  the 
fame  way  as  bleaching,  the  bran  being  fubftituted  inftead  of  the  alkali,  becaufe 
this  laft  would  aft  upon  the  printed- colour  and  partly  difcharge  it. 

In  the  foregoing  inftance  the  mordant  was  completely  formed  by  the  effeft  of 
the  double  eleftive  attraftion  of  the  principles  of  the  fugar  of  lead  and  of  the 
alum.  In  other  cafes  however  the  eleftive  attraftion  of  the  fluff  to  be  dyed  has 
a more  marked  agency.  A Very  common  mordant  for  woollens  is  made  by 
diffolving  alum  and  tartar  together ; neither  of  which  is  decompofed,  but  may 
be  recovered  by  cryftallization  upon  evaporating  the  liquor.  Wool  is  found  to 
be  capable  of  decompofing  a folution  of  alum,  and  Combining  with  its  earth  : 
but  it  feems  as  if  the  prefence  of  difengaged  vitriolic  acid  ferved  to  injure  the 
wool,  which  is  rendered  harfh  by  this  method  of  treatment,  though  cottons  and 
linens  are  not,  which  have  lefs  attraftion  for  the  earth.  Wool  alfo  decompofes 
the  alum,  in  a mixture  of  alum  and  tartar  : but  in  this  cafe  there  can  be  no  dis- 
engagement of  vitriolic  acid,  but  it  is  immediately  neutralized  by  the  alkali  of 
the  tartar. 

Alum  is  an  exceedingly  ufeful  agent  in  dying  procefles,  and  M.  Berthollet 
has  fatisfaftorily  proved,  by  a variety  of  experiments,  that  its  earth  has  a ftrong 
tendency  to  unite  with  animal  matters,  and  that  its  attraftion  for  vegetable  fub- 
ftances  is  very  weak,  excepting  to  their  colouring  parts. 

Metallic  calces  have  fo  great  an  attraftion  for  many  colouring  fubftances,  that 
they  quit  the  acids  in  which  they  were  diffolved,  and  are  precipitated  in  combi- 
nation with  them.  Thefe  calces  are  alfo  found  by  experiment  to  be  ftrongly 
difpofed  to  combine  with  animal  fubftances;  whence  in  many  inftances  they 
ferve  as  mordants,  or  the  medium  of  union  between  the  colouring  particles  and 
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animal  bodies.  But  it  has  fiot  been  (hewn  that  any  confiderable  attraction  is 
exerted  between  thefe  calces  and  vegetable  fubftances. 

A confiderable  progrefs  has  been  made  of  late  years  in  the  inveftigation,  of 
fuch  fads  as  tend  to  afford  a theory  of  the  art  of  dying.  The  following  general 
abftrad  of  this  theory  is  taken  from  Berthollet. 

Metallic  colours  muft  be  diftinguifhed  from  thofe  which  are  peculiar  to  vege- 
table and  animal  fubftances. 

The  colours  of  metals  are  modified  and  changed  by  calcination,  according  to 
the  degree  to  which  it  is  carried. 

Vegetable  and  animal  fubftances  may  themfelves  poflefs  a peculiar  colour, 
which  varies  in  the  different  ftates  through  which  they  pafs-;  or  they  may  ows 
their  colours  to  tinging,  particles,  either  combined  or  fimply  mixed  with  them. 
Thefe  are  the  particles  which  are  extraded  from  different  fubftances,  and 
which  undergo  different  preparations,  to  fit  them  for  the  purpofes  of  dying. 

The  colouring  particles  have  chemical  properties  which  diftinguifh  them 
from  all  other  fubftances  : the  attradions  which  they  have  for  acids,  alkalis, 
earths,  metallic  calces,  vital  air,  wool,  filk,  cotton.,  and  linen,  conftitute  the  chief 
of  thefe  properties. 

According  to  the  attradion  which  the  colouring  particles  have  for  wool,  filk, 
cotton  and  linen,  they  unite  more  or  lefs  readily,  and  more  or  lefs  intimately  with 
each  of  thefe  fubftances  ; and  thence  arifes  the  firft  caufe  of  variation  in 
the  proceffes  employed,  according  to  the  nature  of  the  fluff  and  of  the  co- 
louring fubftance. 

By  the  attradion  which  the  colouring  particles  have  for  argillaceous  earth  and 
metallic  calces,  they  form  compounds  with  thefe  fubftances,  in  which  their 
colour  is  more  or  lefs  modified,  becomes  more  fixed,  and  more  difficultly  af- 
feded  by  external  agents,  than  before..  This  compound  being  formed  of  prin- 
ciples, which  have  feparately  the  power  of  uniting  with  vegetable  fubftances, 
and  more  efpecially  with  animal  fubftances,  preferves  this  property,  and  forms  a 
triple  compound  with  the  fluff  y and  the  colour  which  has  been  again  modified 
by  the  formation  of  this  triple  union,  acquires  a greater  degree  of  fixity,  and  of 
indeftrudibility  by  external  agents. 

The  colouring  particles  have  frequently  fo  great  an  attradion  for  clay  and 
metallic  calces,  that  they  feparatethem  from  acids  which  held  them  in  folu- 
tion,  and  fell  down  with  them  ; but  the  attradion  of  the  fluff  is  fometimes 
neceffary,  in  order  to  produce  this  feparation. 

The  metallic  calces  which  combine  with  the  colouring  particles,  modify  their 
colours,  not  only  by  their  own,  but  alfo  by  ading  upon  their  compofition  by 
means  of  their  vital  air.  The  change  which  the  colouring  particles  thereby 
fuffer,  is  fimilar  to  that  occafioned  by  the  air,  which  injures  all  colours  more  or 
lefs. 

Of  the  two  principles  which  compofe  the  air  of  the  atmofphere,  it  is  only  the 
vital  air,  or  oxygenous  gas,  which  ads  upon  the  colouring  particles  : it  com- 
bines with  them,  weakens  their  colour,  and  renders  it  paler ; but  its  adion  is 
principally  exerted  on  the  hydrogen,  or  inflammable  air,  which  enters  into  their 
compofition,  and  it  then  forms  water.  This  effed  ought  to  be  eonlidered  as  a 
true  combuflion,  whereby  the  charcoal  which  enters  into  the  compofition  of  the 
colouring  particles  becomes  predominant,  and  the  colour  commonly  changes 
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ft  yellow,  fawn  colour,  or  brown ; or  the  injured  part,  by  uniting  with  what 
remains  of  the  original  colour,  produces  other  appearances. 

Light  favours  the  combination  of  the  colouring  particles,  which  frequently 
oannot  take  place  without  ’ its  aid ; and  it  is  thus  that  it  contributes  to  the  de- 
ftrutftion  of  colours.  Heat  promotes  it  alfo,  but  lefs  powerfully  than  light,  un- 
lefs  it  has  a certain  degree  of  inteniity. 

To  a iimilar  combuftion  are  to  be  attributed  the  effe6ls  of  the  pale  nitrous 
acid,  of  the  oxygenated  or  aerated  muriatic  acid,  and  even  of  the  fulphuric  acid, 
when  they  make  the  colour  of  the  fubftances  upon  which  they  a£t  pafs  to  a 
yellow,  and  even  to  a black. 

The  effects  of  combuftion  may  however  be  concealed  by  the  vital  air  com- 
bining with  the  colouring  particles,  without  acting  particularly  on  the  inflam- 
mable air. 

Colours  are  more  or  lefs  durable,  or  more  or  lefs  fixed,  according  to  the  greater 
<)r  lefs  difpofition  of  the  colouring  particles  to  undergo  combuftion,  and  to 
allow  it  to  go  on  to  a more  or  lefs  advanced  ftage. 

Some  fubftances  are  alfo  capable  of  adting  on  the  colour  of  fluffs  by  a fupe- 
riority  of  attraction,  or  by  a folvent  power ; and  in  this  confifts  the  adtion  of 
acids,  alkalis,  and  foap.  A fmall  quantity  of  thefe  agents,  however,  may  fome- 
times  form  fupracompounds  with  the  fluff,  and  thereby  change  its  colour. 

Metallic  calces  produce,  in  the  colouring  particles  with  which  they  unite,  a 
degree  of  combuftion  proportioned  to  the  quantity  of  vital  air . which  can  be 
taken  from  them  by  thefe  particles. 

The  colours  which  the  compounds  of  metallic  calces  and  colouring  particles 
affume,  then,  are  the  produdt  of  the  colour  peculiar  to  the  colouring  particles, 
and  of  that  peculiar  to  the  metallic  calx  ; but  the  colouring  particles  and  me- 
tallic calces  muft  be  confidered  in  that  ftate  to  which  they  have  been  reduced 
fey  the  diminution  of  vital  air  in  the  calx,  and  the  diminution  of  hydrogene  iit 
the  colouring  particles. 

Hence  it  follows  : Firft,  that  the  metallic  calces  to  which  the  vital  air  is  only 
flightly  attached,  are  not  fit  to  ferve  as  connedling  mediums  for  the  colouring 
particles,  becaufe  they  produce  in  them  too  great  a degree  of  combuftion  ; fuch 
are  the  calces  of  filver,  gold,  and  mercury. 

2d.  That  the  calces  which  undergo  confiderable  changes  of  colour,  by  giving 
off  more  or  lefs  of  their  vital  air,  are  alfo  bad  intermediums,  efpecially  for  light 
fhades,  becaufe  they  produce  changeable  colours  ; fuch  are  the  calces  of  copper,, 
of  lead,  and  of  bifmuth. 

3d.  That  the  calces  which  ftrongly  retain  their  vital  air,  and  fuffer  very,  little, 
change  of  colour  by  the  lofs  of  a part  of  it,  are  beft  fitted  to  anfwer  this  pur- 
pofe  : fuch  is  particularly  the  calx  of  tin,  which  quits  its  menftruurn  eafily, 
which  has  a ftrong  attraction  for  the  colouring  particles,  and  which  affords  them 
a bails  which  is  very  white,  and  proper  for  giving  a brightnefs  to  their  fhades, 
without  altering  them  by  the  admixture  of  another  colour.  The  calx  of  zinc 
poffeffes  fome  of  thefe  qualities. 

In  order  to  account  for  the  colours  which  refult  from  the  union  of  the  co- 
louring particles  with  the  bails  which  a mordant  gives  them,  we  muft  attend  to 
the  proportion  in  which  the  colouring  particles  unite  to  that  bails  : thus  the 
folution  of  tin,  which  produces  a very  copious  precipitate  with  a folution  of 
colouring  pakicles,  and  thereby  proves  that  the  calx  of  tin  enters  in  a large 
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proportion  into  the  precipitate,  has  a much  greater  influence  on  the  colour  of 
the  precipitate,  by  the  whitenefs  of  its  bafis,  than  the  folution  of  zinc  or  that  of 
alum,  which  generally  produce  much  lefs  copious  precipitates.  The  precipi- 
tates produced  by  thefe  two  lafl  fubftances  retain  very  nearly  the  natural  tint  of 
the  colouring  particles. 

We  muft  then  diftinguifh,  in  the  adlion  of  mordants,  the  combinations  that 
may  take  place  by  their  means  between  the  colouring  particles,  the  fluff,  and 
the  intermedium  ; the  proportions  of  the  colouring  fubftance  and  intermedium ; 
the  modifications  of  colour,  which  may  arife  from  the  mixture  of  the  colour  of 
the  cplouring  particles,  and  of  that  of  the  bafis  to  which  they  are  united ; and 
finally,  the  changes  which  the  colouring  particles  may  fuffer  from  the  combuftion 
that  may  be  produced  by  the  intermedium. 

Aftringents  do  not  derive  their  chara&eriftic  property  from  an  acid,  or  from 
any  other  individual  principle  which  is  always  the  fame,  but  from  the  property 
which  they  poffefs  of  uniting  with  the  calx  of  iron,  of  reducing  it  to  the  ftate 
of  black  calx,  and  of  acquiring  themfelves  a dark  colour,  by  the  combuftion 
they  experience.  Galls,  which  are  to  be  confidered  as  the  reprefentatives  of  all 
aftringents,  readily  undergo  a flight  combuftion,  which  gives  them  a deep  brown 
colour  ; but  this  combuftion,  which  requires  but  a fmall  quantity  of  vital  air, 
foon  ceafes  without  injuring  their  properties. 

Galls  owe  their  liability  to  the  large  proportion  of  charcoal  they  contain  ; and 
as  they  have  the  property  of  combining  with  fome  vegetable  fubftances,  with 
feveral  colouring  matters,  and  particularly  with  animal  fubftances,  they  ferve 
intermedium  for  them,  and  impart  to  them  their  own  firmnefs  of  colour. 
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TTN  A R T H.  Chemifts  fometimes  in  a grofs  and  inaccurate  way  call  thofe 
Pi  fubftances  earths  which  remain  after  the  volatile  produfts  of  diftillation  have 
arifen,  and  which  are  not  foluble  in  water.  This  is  not  however  fufficiently 
exadt,  though  it  is  difficult  to  exhibit  a good  jpofitive  definition.  Earths  are 
bodies  fimple  with  refpedt  to  the  prefent  powers  of  chemical  analyfis,  brittle, 
incombuftible,  infufible  by  the  heat  of  furnaces,  not  foluble  in  many  hundred 
times  their  weight  of  water,  and  deftitute  of  that  opake  brilliancy  which  cha- 
radlerifes  metals.  There  are  few  earthy  fubftancjes  which  may  not  be  reduced 
by  analyfis  to  one  of  die  five  following  primitive  earths: — the  filiceous,  ar- 
gillaceous, calcareous,  ponderous,  and  magnefihn  earths;  or  otherwife,  taken  fub- 
ftantively,  they  are  called  filex,  clay,  lime,  barytes,  and  magnefia. 

The  adamantine  fpar,  the  jargon  of  Ceylon,  and  a mineral  fubftance  from 
New  South  Wales,  have  afforded  earthy  fubftances  which,  as  far  as  experiments 
i have 
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have  yet  determined,  are  different  from  any  of  thefe  five.  But  they  will  not 
materially  affed  the  general  arrangement  of  chemiftry,  until  future  refearches 
fhall  have  proved  that  they  are  more  abundantly  found  than  at  prefent  we  have 
reafon  to  fufped. 

The  attention  of  the  chemical  world  has  been  ftrongly  excited  by  fome  expe- 
riments of  MelT.  Ruprecht  and  Tondi,  who  affirmed  that  they  had  reduced  the 
argillaceous,  calcareous,  ponderous,  and  magnefian  earths  to  the  metallic  ftate 
by  ftrongly  heating  them  with  charcoal.  But  however  probable  it  may  be  from 
analogy  that  fuch  reductions  may  be  within  the  limits  of  poffibility,  it  is  now 
universally  admitted,  that  the  metal  obtained  in  thefe  experiments  confided  of 
iron  from  the  crucibles  made  ufe  of. 

In  fome  fyftems  a diftindion  is  made  between  earths  and  ftones ; but  this  is  of 
no  utility  in  the  enquiry  refpeding  their  component  parts  and  properties.  A 
ftone  is  nothing  more  than  a hard  earthy  mafs,  and  an  earth  in  powder  is  an  aggre- 
gate of  very  minute  ftones. 

EARTH,  ADAMANTINE.  A peculiar  earth,  compofing  about  one  third 
part  of  the  weight  of  the  adamantine  fpar.  By  repeated  fufions  of  this  fpar 
with  fixed  alkali,  and  feparation  of  the  known  earths  by  fubfequent  treatment 
with  diftilled  water  and  with  acids,  Mr.  Klaproth  obtained  this  earthy  fubftance, 
diftinguifhable  from  the  foluble  earths  in  not  yielding  to  the  adion  of  acids,  and 
from  filiceous  earth  in  refilling  alkalis.  A further  inveftigation  of  its  properties 
is  wanting,  but  will  not  perhaps  be  eafily  obtained,  on  account  of  the  fmall  at- 
tractive power  which  the  ufual  chemical  folvents  have  upon  it.  See  Adamantinj 
Spar. 

EARTH,  ANIMAL.  The  fixed  and  infoluble  refidues  of  animal  fub- 
ftances  have  been  diftinguifhed  by  this  name,  more  efpecially  before  their  com- 
ponent parts  had  been  afcertained  by  late  analyfis.  They  confift  of  calcareous 
eaith  in  combination  with  fome  acid.  The  bony  coverings  of  fhell-fifh  contain 
a large  portion  of  mild  calcareous  earth,  united  with  aerial  acid  or  fixed  air. 
The  fhells  of  eggs,  of  fnails,  and  probably  all  the  hard  brittle  external  coverings 
of  animals,  are  faid  to  be  of  the  fame  nature.  The  bafis  of  bones,  as  well  in 
fea  as  in  land  animals,  confifts  of  calcareous  earth  faturated  with  phofphoric 
acid.  See  Acid  Phosphoric.  I do  not  know  of  any  experiments  tending  to 
afcertain  the  prefence  of  any  other  earth,  as  a neceftary  component  part  of  ani- 
mal bodies,  but  the  calcareous. 

EARTH,  ARGILLACEOUS.  The  principal  natural  fpecimens  of  argil- 
laceous earth  are  clays,  properly  fo  called,  marks,  boles,  fiates  or  fchiftus,  and 
mica.  In  none  of  thefe,  except  the  flag  ftone,  does  the  argillaceous  earth  amount' 
to  fo  much  as  half  their  weight,  though  their  predominating  qualities  appear  to 
depend  upon  it.  The  raoft  obvious  characters  of  this  earth  are,  an  adhefion  to 
the  tongue,  or  any  wet  and  foft  body,  in  the  more  folid  fpecimens ; and  a remark- 
able tenacity,  dudility,  or  kneadability  ferve  to  diftinguilh  moiftened  clays  in  a 
moft  eminent  degree.  It  is  foluble  in  acids;  but  alkalis  ad  much  lefs  upon  it,  either 
in  the  dry  or  moift  way,  than  they  do  on  filiceous  earth.  Alum  is  a combination 
of  argillaceous  earth  with  vitriolic  acid.  If  the  concrete  volatile  alkali  be  added 
to  a folution  of  pure  alum,  the  alkali  and  acid  unite,  while  the  clay  falls  to  the 
bottom,  united  only  with  a fmall  quantity  of  fixed  air.  The  fluid  muft  be 
abftraded  by  decantation,  and  the  precipitate  wafhed  with  diftilled  water,  and 
dried. 
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Clays  may  be  eafily  diffufed  and  fufpended  in  water,  but  are  not  foluble  Its 
any  fenfible  degree.  The  fudden  application  of  ftrong  heat  hardens  their  ex- 
ternal parts,  which  afterwards  burft  by  the  explofion  of  the  moifture  within.  By 
a more  gradual  heat  pure  clay  contra&s  very  much,  becomes  hard,  and  full  of 
cracks  or  fiflures.  The  prefence  of  filiceous  earth  in  common  clays,  where  it 
tifually  copftitutes  above  half  the  weight,  renders  the  contra&ion  more  uniform 
throughout,  and  prevents  the  cracks;  probably  in  no  other  way  than  by  render- 
ing them  more  numerous,  and  too  fmall  to  be  perceived.  When  thus  baked, 
it  conflitutes  all  the  varieties  of  bricks,  pottery,  and  porcelain.  Thefe,  if  baked 
in  a ftrong  heat,  give  fire  with  fteel;  a property  that  may  be  attributed  to  the 
filiceous  earth  they  contain,  which  cannot  a<ft  on  the  fteel  unlefs  firmly  fet  in 
the  hardened  clay.  The  dimenfions  of  pottery  are  lefs,  the  greater  the  heat  to 
which  the  article  has  been  fubjedted.  On  this  property  is  conftrudted  a ther- 
mometer for  meafuring  the  heat  of  furnaces,  by  igniting  a fmall  brick  of  known 
dimenfions  therein,  and  afterwards  meafuring  its  contraction.  Baked  clay  is  no 
longer  kneadable  with  water,  though  as  finely  pulverized  as  mechanical  means 
can  go.  Hence  it  has  been  inferred,  that  clays  owe  their  du&ility  to  a kind  of 
gluten,  which  is  fuppofed  to  be  diffipated  by  heat.  They  recover  that  property, 
however,  by  folution  in  an  acid  and  precipitation  ; whence  it  fhould  feem  to  de- 
pend either  on  a minute  portion  of  acid  contained  in  clays,  or  the  fmallnefs  of 
the  particles  when  precipitated. 

For  the  habitudes  of  clay  with  acids,  fee  the  feveral  acids. — See  aljo  Brlcks, 
Pottery,  Thermometer  Wedgwoods. 

EARTH,  CALCAREOUS.  Calcareous  earth,  or  lime,  predominates  in 
moft  ftones  which  are  foft  enough  to  be  fcratched  with  a knife.  Thefe  are 
chalk,  limeftone,  marble,  fpars,  gypfum,  or  plafter-ftone,  and  various  others. 
As  the  lime  is  moft  frequently  combined  with  fixed  air,  it  is  ufual  for  mineralifts 
to  drop  a fmall  quantity  of  nitrous  acid  upon  the  ftones  they  are  defirous  of 
claffing;  and  if  it  froths  by  the  efcape  of  the  fixed  air,  they  conclude  that  lime 
enters  into  the  compofition.  To  obtain  pure  calcareous  earth,  powdered  chalk 
muft  be  repeatedly  boiled  in  water,  which  will  deprive  it  of  the  faline  impurities 
it  frequently  contains.  It  muft  then  be  diffolved  in  diftilled  vinegar,  and  preci- 
pitated by  the  addition  of  concrete  volatile  alkali.  The  precipitate,  when  well 
wafhed  and  dried,  will  confift  of  lime  united  to  fixed  air;  the  latter  of  which 
may  be  driven  off  by  heat,  if  neceffary. 

If  chalk,  marble,  limeftone,  fpar,  or  any  other  fpecimens  of  this  earth,  con- 
taining fixed  air,  be  expofed  to  continued  ignition,  they  give  out  fixed  air  and 
water,  to  the  amount  of  near  half  their  weight.  The  remainder,  confifting 
chiefly  of  lime,  has  a ftrong  tendency  to  combination,  and  at  t rafts  water  very 
powerfully.  The  addition  of  water  to  lime  produces  a very  con fiderable  heat, 
attended  with  noife,  and  agitation  of  the  parts,  which  break  afunder ; and  a 
phofphoric  light  is  feen,  if  the  experiment  be  made  in  the  dark.  Lime  thus  fa- 
turated  with  water  is  faid  to  be  flaked.  Water  difiolves  about  one  feven- 
hundredth  part  of  its  weight  of  lime,  and  is  then  called  lime-water.  This  folu- 
tion has  an  acrid  tafte,  and  turns  fyrup  of  violets  to  a green  colour.  If  lime- 
water  be  expofed  to  the  open  air,  the  lime  attracts  fixed  air,  and  is  by  that 
means  converted  into  chalk ; which,  not  being  foluble  in  water,  forms  a cruft 
on  the  furface,  formerly  called  cream  of  lime,  that,  when  of  a certain  thicknefs, 
breaks/  and  fails  to  tine  bottom  ; and  in  this  way  the  whole  of  the  lime  will  in 
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time  be  feparated.  If  the  fire  has  been  too  violent  in  the  burning  of  lime,  the 
ftone  becomes  hard,  fonorous,  and  incapable  of  abforbing  water  with  the  requi- 
site degree  of  avidity.  This  effeCt  feems  to  arife  from  part  of  the  calcareous 
earth  having  entered  into  fufion  with  the  clay,  flint,  or  other  contaminating 
earths,  with  which  it  forms  a glafs  that  covers  and  defends  the  reft. 

The  pafte  of  lime  and  water,  called  mortar,  has  a degree  of  adhefion  and 
duCtility,  though  much  lefs  than  clay.  When  dry,  it  is  more  or  lefs  friable,  like 
chalk.  A mixture  of  fand,  or  broken  earthen  veflels,  greatly  increafes  its 
firmnefs,  which  it  feems  to  effeCt  by  rendering  it  more  difficult  for  the  parts  td 
be  removed  with  refpeCt  to  each  other.  When  mortar  is  left  to  dry  by  the  gra- 
dual evaporation  of  its  fuperfluous  water,  it' is  very  long  before  it  obtains  its 
utmoft  degree  of  firmnefs.  But  if  dry  quick-lime  be  mixed  with  mortar,  ic 
gradually  abforbs  the  fuperfluous  water,  and  the  mals  becomes  folid  in  a very 
Short  time. 

Gypfum,  or  plafter  of  Paris,  confifts  of  lime  united  to  the  vitriolic  acid,  to- 
gether with  water.  If  this  fubftance  be  expofed  to  a moderate  heat,  part  of  the 
water  is  driven  off  with  an  appearance  refembling  ebullition.  The  dry  powder 
which  remains  may  be  mixed  with  water  to  the  confidence-  of  thin  pafte,  and 
poured  into  a mould  ; and  foon  afterwards  it'  fuddenly  becomes  folid ; at  the 
fame  time  that  it  is  a little  heated,  and  its  bulk  fomewhat  increafed.  This  effect 
may  be  explained  by  obferving  that  the  particles  of  the  gypfum  are  at  firfi 
Amply  wetted  by  the  water,  in  the  fame  manner  as  happens  with  clay;  and  for 
that  reafon  no  other  effeCt  takes  place,  than  the  production  of  an  imperfedt. de- 
gree of  fluidity,  from  the  motion  of  the  parts  among  each  other  being  facili- 
tated : but  when  the  water,  by  the  gradual  progrefs  of  the  aCtion  between  it  and 
the  dried  gypfum,  becomes  combined  in  the  fame  manner  as  before  the  calcina- 
tion, it  is  abforbed,  and  enters  into  the  compofition  of  a folid  body;  the  imper- 
feCt  fluidity  arifing  from  the  prefence  of  uncombined,  water  difappears,  heat  is 
-developed,  and  the  whole  mafs  takes  the  folid  form. 

If  the  heat  be  ftrong,  or  continued  any  confiderable  time  after  the  appearance 
of  ebullition  has  ceafed,  the  felenite  will  be  partly  decompofed  by  the  lofs  of 
fome  of  its  vitriolic  acid,  and  the  plafter  will  be  unfit  for  this  purpofe.  The 
ufe  of  plafter  in  cafting  fmall  ftatues,  medallions,  and  other  ornaments,  is  well 
known. 

From  various  pertinent  obfervations,  Chaptal  has  {hewn  that  gypfum  is  form- 
ed by  the  gradual  decompofition  of  pyrites,  which  form  vitriolic  acid.  This 
being  carried  off  by  water,  takes  up  lime  in  its  courfe,  and  the  combination  is 
afterwards  depofited  in  confequence  of  the  fpontaneous  evaporation  of  the 
water. 

Calcareous  earth,  though  infufible  in  the  ftrongeft  heats  of  our  furnaces,  is 
neverthelefs  a very  powerful  flux  with  regard  to  mixtures  of  the  other  earths. 
Thefe  are  all  fufible  by  a proper  addition  of  calcareous  earth.  Compounds  are 
Jftill  more  fufible;  for  any  three  of  the  five  well-known  earths  may  be  fufed  into 
perfeCt  glafs,  if  they  be  mixed  together  in  equal  portions,  provided  the  calcareous 
be  one  of  them. 

The  earthy  part  of  animals  is  chiefly,  if  not  altogether,  calcareous : in  moft 
cafes  it  is  united  with  phofphoric  acid,  but  frequently  with  fixed  air.  See  Earth, 

^Animal. 

EAR-TH,  FULLERS.  Among  the  ufeful  refearches,  for  which  we  are  in- 
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debted  to  the  illuftrious  Bergman,  we  find  one  upon  Lithomarga*,  or  ftone 
marie ; which  Teems  to  differ  from  common  marie  in  its  compofition,  chiefly 
in  poffefling  a much  larger  portion  of  filiceous,  and  lefs  of  calcareous  earth. 
Fullers  earth  is  one  of  the  moft  ufeful  varieties  of  Lithomargc. 

Cronftedtdefcribes-f'Lithomarge  under  the  following  general  chara&ers  : Firfl, 
When  dry,  it  is  fmooth  andflippery  like  hard  foap.  Secondly,  It  is  not  perfectly 
diffufible  in  water  ; but  when  immerfed  in  that  fluid  it  falls  into  pieces  of  greater 
or  lefs  magnitude,  or  in  fuch  a manner  as  to  aflume  the  appearance  of  curds. 
Thirdly,  In  the  fire  it  eafily  melts  into  a white  or  reddifh  frothy  flag,  which  is 
confiderably  larger  than  before,  in  confequence  of  its  porofity.  Fourthly,  Its 
frafture  is  irregularly- convex  or  concave. 

This  author  defcribes  only  the  Lithomargas  of  Ofmund,  of  Tartary,  and  of 
Lemnos  ; the  Hampfhire  fullers  earth  not  having  come  to  his  hands,  probably 
on  account  ofthefevere  penalties  impofed  by  the  Englifh  legiflature  on  its  ex- 
portation. Bergman  examined  them  all,  except  the  fecond,  which  is  the 
Keffekil  of  the  Grim  Tartars,  who  are  faid  to  ufe  it  inftead  of  foap,  and  of  which 
he  was  not  provided  with  a fample.  Wiegleb,  in  Crell’s  Journal,  quoted  by 
Kirwan  j,  found  that  it  confifts  of  equal  parts  magnefia  and  filiceous  earth. 

The  Lemnian  earth,  highly  efteemed  for  many  centuries  for  its  fuppofed  me- 
dical virtues,  and  till  lately  fold  in  Europe  under  the  feal  of  the  Grand  Signor, 
has  the  external  appearance  of  clay  with  a fmooth  furface,  refembling  agate,  ef- 
pecially  in  its  recent. fra&ures,  which  are  ufually  either  concave  or  convex.  It 
may  be  fcraped  with  the  nail,  is  compofed  of  impalpable  particles,  though  a 
little  gritty  between  the  teeth,  under  which  it  feels  like  tallow.  When  immerfed 
in  water,  it  is  fpontaneoufly  divided  into  fmall  pieces  with  a flight  crackling  noife, 
but  they  do  not  become  fo  fmall  as  to  be  invifible  or  impalpable.  Pulveriza- 
tion and  boiling  in  water  diffufes  it  in  the  fluid,  which  paffes  almoft  perfe&ly 
clear  through  doubled  filtering  paper.  The  water  examined  by  the  ufual  tefts 
is  found  to  be  neither  acid  nor  alkaline,  but  exhibits  the  prefence  of  marine  acid 
in  combination. 

This  earth  removes  impurities  like  foap,  though  it  affords  no  froth.  When 
urged  by  the  blow-pipe,  it  does  not  decrepitate,  but  turns  black,  melts  with 
ebullition,  and  becomes  converted  into  a dark  frothy  flag.  With  microcofmic 
fait  there  is  a commencement  of  folution  with  effervefcence  ; but  the  remainder 
:is  fcarcely  affedted.  Borax  adts  more  effectually,  though  flowly,  on  the  refiduum. 
Mineral  alkali  occafions  a confiderable  effervefcence  with  noife.  By  the  humid 
analyfis,  Bergman  found  it  to  contain  forty-feven  parts  in  the  hundred  filiceous 
earth,  5-A- of  mild  calcareous  earth,  6T%.  of  mild  magnefia,  io  of  argillaceous 
earth,  5^  calx  of  iron,  and  17  of  moift  volatile  matter  expellable  by  drying. 

The  Ofmundic  earth  comes  from  mount  Ofmund,  in  the  parifh  of  Ratwick  in 
Eaft  Dalecarlia.  Its  colour  is  grey,  like  cinders,  its  furface  rough,  and  as  if 
greafed.  It  is  harder  than  the  Lemnian  earth,  breaks  into  angular  pieces,  adheres 
ftrongly  to  the  lip,  and  is  more  gritty  between  the  teeth  than  that  earth.  In 
water  it  feparates  into  fmaller  particles,  and  is  detergent. 

This  earth  decrepitates  before  the  blow-pipe,  turns  black,  and  melts  with  ebul- 
lition, leaving  a white  frothy  flag.  It  exhibits  the  fame  phenomena  as  the  Lem- 

* In  the  third  vol,  of  his  Eflays,  Eng.  tranflation.  f Magellan’6  Eng.  ed.  i.  *34.  % Minera* 

logy,  p.  60. 
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liian  earth  with  the  blow-pipe ; bui  a grain  of  it  thrown  into  the  folution  'be- 
comes white.  It  effervefces  lefs  with  the  mineral  alkali. 

From  the  humid  analyfis,  Bergman^found  one  hundred  parts  of  the  Ofmundic 
earth  to  contain  60  parts  white  filiceous  powder,  5^  calcareous  earth,  o-Pg-  mag- 
nelia,  1 i-Ar  argillaceous  earth,  4-^  calx  of  iron,  and  18  of  moift  volatile  matter. 

The  Hampshire  fullers  earth,  examined  by  Bergman,  was  of  a dark  colour, 
a little  inclined  to  green,  and  faintly  marked  with  yellowilh  veins,  lefs  hard  than 
the  Ofmundic  and  Lemnian  earths,  capable  of  being  polifhed  with  the  nail,  of  a 
rough  fraCture  with  dark  pointed  eminencies,  adhering  to  the  lip,  and  a little 
filiceous  between  the  teeth.  When  immerfed  in  water,  it  fell  to  pieces  like  the  other 
earths.  It  produced  no  froth  when  rubbed  with  water,  but  was  exceedingly  detergent. 

Water  in  which  pulverized  fullers  earth  was  boiled,  palled  ftill  turbid  through 
feveral  folds  of  paper,  and  the  water  indicated  the  prefence  of  combined  marine 
acid.  Before  the  blow-pipe  it  decrepitated,  but  lefs  than  the  Ofmundic  earth  ; 
after  which  it  turned  black,  was  fufed  with  ebullition  into  a dark-coloured  fpongy 
mafs.  Its  habitudes  with  borax,  microcofmic  fait,  and  mineral  alkali,  were  the 
fame  as  thofe  of  the  Lemnian  earth. 

Bergman’s  method  of  analyling  this  and  the  two  preceding  earths  was  the  fol- 
lowing : An  hundred  parts  or  docimaftic  pounds  of  the  earth  were  pulverized,  and 
inferted  into  a fmall  glafs  cucurbit  with  twice  its  weight  of  highly  concentrated 
vitriolic  acid ; after  which  a capital  and  receiver  being  adapted,  the  diftillation 
was  performed  on  a fand  bath.  An  acid  vapour  arofe  by  the  firft  gentle  heat, 
which  was  found  to  be  marine  acid  ; doubtlefs,  fays  Bergman,  ariling  from 
decompofed  fea-falt.  A greater  heat  did  not  exhibit  any  ligns  of  volatile  alkali. 
He  then  decanted  off  the  fuperfluous  acid,  walhed  the  reliduum  in  diftilled 
water,  dried  it,  and  found  its  weight.  This  was  found  to  be  filiceous  earth  con- 
taminated with  iron. 

The  next  objeCt  confifted  in  afcertaining  the  contents  of  the  acid  which  had ' 
been  decanted  off.  For  this  purpofe  he  divided  it  into  two  parts.  To  one 
part,  made  very  warm,  he  gradually  added  finely  pulverized  chalk,  taking 
great  care  not  to  exceed  the  due  quantity.  The  chalk  precipitated  whatever 
clay  or  iron  might  be  prefent ; but  left  the  magnefia  in  folution,  becaufe  the  fum 
of  the  quiefcent  attractions  of  lime  to  fixed  air,  and  vitriolic  acid  to  magnefia, 
are  greater  than  the  divellent  attractions  of  the  fixed  air  to  magnefia,  and  vi- 
triolic acid  to  lime ; fo  that  the  prefence  of  the  fixed  air  prevented  that  decompo- 
lition  of  vitriolated  magnefia  which  would  have  taken  place  if  mere  lime  had 
been  ufed. 

After  the  precipitation  of  clay  and  iron  from  the  folution  he  evaporated  the 
liquor,  which  occafioned  the  feparation  of  vitriolated  lime  or  felenite,  and  vitrio- 
lated magnefia,  or  Epfom  fait ; the  latter  of  which,  on  account  of  its  much 
greater  folubility,  was  taken  up  by  a little  warm  water.  Another  evaporation  and 
folution  of  the  Epfom  fait  was  made,  to  clear  it  entirely  of  the  felenite.  Mild 
fixed  alkali  was  ufed  to  precipitate  the  earths  from  the  refpeCtive  folutions  of  thefe 
two  falts,  and  the  remaining  liquors  were  fubje&ed  to  ebullition  for  a quarter  o{ 
an  hour,  to  throw  down  the  fmall  portion  of  earth  which  might  be  fufpended 
by  the  redundant  fixed  air.  In  this  way,  confequently,  the  true  quantities  by 
weight  of  magnefia  and  of  lime,  contained  in  half  the  centenary,  were  afcer- 
tained,  taking  care  to  deduCt  the  weight  of  chalk  made  ufe  of  in  the  preci- 
pitation. 
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In  the  foregoing  procefs  the  iron  and  clay  wgre  precipitated,  that  they  might 
■be  no  impediment  to  an  examination  of  the  quantities  of  lime  and  magnefia. 
The  feparation  of  the  clay  from  the  iron  not  being  a very  diredt  operation,  the 
other  half  of  the  original  folution  was  referved  for  the  purpofe  of  determining 
their  weights.  Pruffian  alkali  was  therefore  added  to  this  half  of  the  folution  ; in 
confequence  of  which  the  iron  fell  down  in  the  form  of  Pruffian  blue,  leaving  the 
earths  fufpended.  The  quantity  of  iron  was  determined  by  allowing  ten  grains 
of  iron  for  each  fifty-nine  grains  of  blue  precipitate. 

In  the  next  place  the  folution  was  filtered,  now  containing  clay,  magnefia,  and 
lime,  all  combined  with  vitriolic  acid  ; out  of  which  the  quantity  of  the  firft 
only  was  required  to  be  found.  The  folution  was  therefore  concentrated  by 
evaporation,  and  the  excefs  of  acid  then  faturated,  by  the  addition  of  mild  mag- 
nefia, till  paper  ftained  with  turnfole  was  not  affe&ed  by  it.  An  excefs  of  mag- 
nefia was  guarded  againft,  by  fuffering  .’each  fmall  portion  to  be  entirely  dif- 
folved  before  any  more  was  added.  After  half  an  hour’s  boiling,  the  neutral 
combination  of  clay  and  vitriolic  acid  fell  down,  it  being  well  known  that  the 
folubility  and  other  properties  of  alum  depend  on  its  excefs  of  acid  : and  this 
combination  being  digefted  with  mild  fixed  alkali  afforded  the  pure  argillaceous 
earth. 

By  this  management  he  found  that  the  Hampfhire  fullers  earth  contained  of 
filiceous  earth  ^i-A-  parts ; of  mild  calcareous  earth  3W  ; of  mild  magnefia  oxV  ; 
of  argillaceous  earth  25  ; of  calx  of  iron  3TVs  and  of  moifi:  volatile  matter  15^ 
parts. 

The  properties  required  in  a good  fullers  earth  are,  that  it  ffiould  contribute  to 
the  washing  away  all  impurities,  and  promote  that  curling  and  intermixture  of 
the  hairs  of  the  woollen  cloth,  which  thicken  its  texture,  and  give  it  the  defired 
firmnefs.  Both  probably  depend  on  its  detergent  quality,  that  clears  away  all 
the  unctuous  matter  of  the  wool,  and  renders  its  parts  capable  of  becoming  more 
perfe&dy  entangled  together  by  the  mechanical  adtion  of  fulling;  an  effedt  not  fo 
likely  to  take  place  when  the  fibres  or  hairs  are  difpofed  by  greafe  to  Aide  eafily 
over  each  other.  The  detergent  power  refides  in  all  clays,  but  is  doubtlefs 
greatly  increafed  by  the  filiceous  earth,  which  may  be  confidered  as  the  brufh, 
while  the  clay  ferves  as  the  foap.  This  is  familiarly  (hewn,  by  the  common 
practice  of  adding  fand  to  foap,  which  renders  it  much  more  detergent;  bug 
at  the  fame  time  more  capable  of  injuring  the  fubftances  to  which  it  is  applied, 
and  that  more  efpecially  when  the  fand  is  coarfe.  Fullers  earth  is  bad,  if  the 
fand  be  not  exceedingly  fine;  and  the  fuperior  excellence  of  the  Hampfhire 
fullers  earth  feems  to  depend  more  on  the  finenefs  of  its  parts  than  on  their  pro- 
portions, as  is  fhewn  by  the  experiment  of  boiling  it  in  water ; after  which  it 
paffes  more  plentifully  through  the  filter  than  any  of  the  other  lithomargae. 

EA.RTH,  FUSIBLE,  OF  WEDGWOOD.  Some  mineral  matter  from  New 
South  Wales  was  put  into  the  hands  of  Mr.  Wedgwood*,  by  Sir  Jofeph  Banks. 
It  confified  of  a mixture  of  fine  white  fand,  a foft  white  earth,  fome  'colour  left 
micaceous  particles,  and  a few  black  ones,  refembling  mica  or  black  lead.  Mr. 
Wedgwood  made  fome  experiments  upon  it,  but  does  not  appear  to  have  com- 
pletely analyfed  the  mafs,  probably  on  account  of  its  fmall  quantity. 

Neither  the  nitrous  nor  vitriolic  acids,  concentrated  or  diluted,  hot  or  cold. 


* Philof.  Tranf.  for  1790,  page  30 6, 
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were  found  to  take  up  any  thing  from  this  mineral,  which  could  be  precipitated  by 
alkalis ; excepting  that  the  ftrong  vitriolic  acid,  by  due  management,  indicated  a 
.minute  proportion  of  clay.  But  the  marine  acid  by  digeftion  near  its  boiling  heat 
aded  on  it  wirh  frequent  explofive  burfts,and  took  up  about  one- fifth  of  the  wiiole. 
The  crude  mi  leral  pulverized,  loft  its  blacknefs  by  calcination,  and  one-fourt.:  of 
its  weight,  but  was  ftill  found  to  be  as  difficult  of  folution  as  before.  Water  added 
to  the  marine  folution  threw  down  a white  precipitate  ; and  the  reparation  was  fo 
complete,  that,  after  an  addition  of  eight  or  nine  times  the  whole  bulk  of  water, 
there  remained  nothing  in  folution  that  alkali  could  precipitate.  This  white  matter 
was  infoluble  in  water,  and  alfo  in  the  nitrous  or  vitriolic  acids,  and  in  alkaline  folu- 
lutions.  Strong  marine  acid  took  it  up  as  before,  with  the  affiftance  of  the  fame  de- 
gree of  heat.  A certain  precife  quantity  of  nitrous  acid,  added  to  the  marine  folu- 
tion, kept  the  white  matter  fufpended,  even  when  diluted  with  water.  Strong 
vitriolic  acid  did  not  throw  down  the  white  matter  from  the  marine  folution  ; but 
'when  the  quantity  added  was  nearly  equal  to  that  of  the  folution,  part  of  the  ma- 
rine acid  was  extricated  in  white  fumes,  with  effervefcence.  The  mixture  heated 
nearly  to  boiling  became  tranfparent,  and  continued  fo  in  the  cold.  This  folu- 
tion is  alfo  precipitable  by  water,  and  the  precipitate  is  foluble  in  marine  acid. 

The  faturated  marine  folution  does  not  cryftallize  by  evaporation,  but  affords 
a deliquefcent  mafs,  which  is  not  corrofive,  and  parts  with  its  acid  in. an  heat  near 
ignition.  Pruffian  alkali  does  not  precipitate  the  marine  folution  ; but  all  the 
alkalis,  whether  mild  or  cauftic,  occalioned  copious  precipitations,  which  were 
foluble  in  marine  acid,  and  thence  precipitable  by  water  in  the  original  ftate. 

This  white  precipitate  is  much  more  fufible  than  any  of  the  other  Ample  earths ; 
whence  it  may  with  propriety  be  called  the  fufible  earth,  as  we  have  ventured  to  de- 
nominate it  in  the  title.  In  an  heat  between  142  and  1 56  degrees  of  Wedgwood’s 
thermometer,  which  is  nearly  as  high  as  the  utmoft  hear,  of  a fmall  air  furnace,  it 
melted  in  contact  with  clay,  with  flint,  with  chalk,  with  lime,  with  magnefia,  with 
pure  ponderous  earth,  and  with  ponderous  fpar,  in  fo  many  different  experiments. 
In  an  hole  fcooped  in  chalk  it  ran  into  aiinooth  whitilh  opake  bead,  not  at  all  adhe- 
rent to  the  chalk  itfelf;  and. in  a cavity  in  charcoal  it  likewife  fufed,  but  did  not  feem 
to  undergo  any  revivification.  Part  of  this  was  foluble  in  boiling  marine  acid,  as  at 
firft  ; but  an  accident  prevented  the  determination  whether  the  whole  was  foluble. 

From  thefe  experiments  Mr.  Wredgwood  thinks  it  proper  to  confider  the 
white  matter  as  a new  earth,  diredly  foluble  in  no  menftruum  but  marine  acid, 
and  perhaps  its  compounds ; not  cryftallizable  in  this  combination  ; precipi- 
table by  water,  and  not  by  Pruffian  alkali ; parting  with  its  acid  in  an  heat  below 
ignition,  and  fufible  in  a degree  ofheat  not  very  much  exceeding  that  required 
to  melt  crude  iron. 

The  black  fubftance  which  feems  to  have  compofed  about  one-fifth  part  of  the 
crude  mineral  was  found  to  refemble  plumbago  in  its  leading  properties,  but  the 
refidue  did  not  appear  to  be  iron.  The  remaining  three- fifths  of  the  mineral, 
which  refilled  the  humid  attacks  in  Mr.  Wedgwood’s  experiments,  were  probably 
filex  ; but  he  does  not  fpeak  of  any  dired  examination  of  its  properties,  by  fu- 
fion  with  alkalis,  treatment  with  the  acid  of  fpar,  or  otherwife. 

EARTH,  GYPSEOUS.  Before  the  component  parts  of  gypfum  or  plafter 
of  Paris  were  clearly  afcertained,  fome  chemifts  confidered  its  earth  as  a peculiar 
genus.  But  fince  this  compound  has  been  proved  to  confift  merely  of  lime  and 
vitriolic  acid,  the  term  of  courfe  vyas  rejeded. 
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EARTH,  OF  THE  JARGON.  The  jargon  of  Ceylon  is  a precious 
ftone,  of  a pale  yellowifli  green  colour  inclining  to  red  ; forming  upon  the 
whole  a kind  of  fmoky  grey  tinge.  Its  regular  figure  is  that  of  a four-fided 
prifm,  terminating  in  two  obtufe  pyramids,  compofed  each  of  four  ifofceles  trian- 
gles. Its  fpecific  gravity  is  greater  than  that  of  any  other  ftone,  being  4,61 5. 

Mr.  Klaproth  * examined  this  ftone,  and  difcovered  a peculiar  earth.  Pieces 
of  the  ftone  were  ignited,  thrown  into  water  to  render  it  lefs  coherent,  and  then 
levigated  jjponqrorphyry.  The  powder  was  then  fufed  in  a filver  crucible  with 
a Ia/ge  portion  of  cauftic  fixed  alkali.  The  folution  was  treated  with  water  and 
with  marine  acid,  which  took  up  a fmall  part,  and  left  a relidue,  which  was  again 
fufed  with  alkali  and  treated  as  before.  By  feveral  repetitions  of  this  procefs 
the  whole  was  diffolved.  By  faturating  the  acid  with  mild  vegetable  alkali,  the 
earthy  matter  was  thrown  down.  Digeftion  of  part  of  this  precipitate  with 
marine,  and  part  with  vitriolic  acid,  indicated,  after  a due  application  of  chemi- 
cal methods,  a confiderable  portion  of  filiceous  earth,  with  a minute  quantity  of 
iron  and  nickel,  and  a much  larger  portion  of  earth,  which  remained  fafpended  on 
account  of  its  folubility  in  acids.  This  earth  was  found  to  differ  in  its  properties 
from  every  other  yet  known.  Its  folubility  in  acids  fufficiently  diftinguiffies  it  from 
iilex  : when  precipitated  by  mild  alkali,  it  did  not  become  effervefcent  like 
magnefia  or  lime  ; neither  did  it  like  them  form  Epfom  fait  or  felenite  with  the 
vitriolic  acid.  It  did  not,  like  clay,  form  alum  with  that  acid.  Pruflian  alkali 
did  not  precipitate  it  like  ponderous  earth,  neither  did  it  form  the  ponderous 
fpar,  when  combined  with  vitriolic  acid.  When  this  earth  was  treated  by  the 
blow-pipe,  it  was  not  found  to  be  foluble  either  in  microcofmic  fait  or  mineral 
alkali  j but  borax  difiolved  it.  The  contents  of  the  jargon  were  in  the  centenary 
314  parts  filexj  4 part  calx  of  iron  containing  nickel,  and  68  parts  of  this  pe- 
culiar earth. 

EARTH  LEMNIAN,  or  TERRA  LEMNI  A.  A bolar  earth  from  the 
ifland  of  Lemnos,  formerly  in  great  efteem  for  its  fuppofed  medical  qualities. 
Cronftedt  reckons  it  among  the  lichromargas  or  ftone  marrow.  Bergman  has 
given  a good  analyfis  of  it ; for  which  fee  Earth,  Fullers. 

EARTH,  MERCURIAL.  A fubftance  which,  according  to  Becher  and 
other  alchemical  philofophers,  is  a common  principle  of  metals  and  fome  other 
bodies.  In  conformity  with  this  obfcure  theory,  we  find  frequent  mention  of 
the  mercuries  of  gold,  of  filver,  or  of  other  metals.  The  fa£ts  and  difcoveries 
fubfequent  to  the  time  of  the  illuftrious  Becher  have  not  afforded  any  founda- 
tion to  conclude  that  any  fuch  common  principle  as  the  mercurial  earth  exifts  ; 
and  it  was  fo  far  from  being  fatisfa&orily  exhibited  by  Becher  himfelf,  that  his 
difciple,  the  great  Stahl,  did  not  include  it  in  his  modification  of  the  Becherian 
fyftem. 

EARTH,  MAGNESIAN.  This  earth,  which  is  fubftantively  called  magne- 
fia, and  likewife,  but  not  frequently,  the  muriatic  earth,  is  of  modern  diftovery. 
Bergman  has  written  a treatife  upon  it  in  his  ufual  mafterly  manner.  It  firft 
began  to  be  known  at  Rome  under  the  name  of  Count  Palma’s  powder,  where 
it  was  offered  by  a regular  canon  as  a remedy  for  all  diforders.  Its  refemblance 
in  many  refpe&s  to  calcareous  earth,  induced  many  to  confider  it  at  firft  as  the 
fame  thing  ; but  Mr.  F.  Hoffman  firft  proved  it  to  be  effentially  different.  This 

* See  the  Memoir  in  the  Journal  dc  Phyiiquc,  for  March  1790. 
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was  afterwards  difcovered  by  Dr.  Black  of  Edinburgh,  and  Margraaf  of  Berlin, 
unknown  to  each  other. 

Magnefia  may  be  prepared  in  various  ways ; but  the  prefent  is  precipitated 
from  Epfom  fait  by  the  addition  of  an  alkali.  A little  more  than  half  its  weight 
of  fait  of  tartar,  is  fufficient  for  this  purpofe  ; but  potalh  is  more  generally  ufed 
for  the  fake  of  cheapnefs ; of  which,  on  account  of  its  impurity,  a double 
quantity  is  required.  Both  the  falts  are  to  be  diffolved  in  at  lead  twice  as  much 
water  as  will  fufpend  them.  After  filtration  they  are  to  be  mixed  and  boiled, 
then  fet  by  at  reft  till  the  magnefia  is  precipitated.  This,  after  decantation  of 
the  fupernatant  fluid,  is  to  be  edulcorated  by  feveral  walkings  with  water,  and 
laftly  dried  upon  a filter  or  cloth  ; it  is  the  mild  magnefia.  Bergman  informs  us, 
that  one  hundred  parts  of  Epfom  fait  afford  about  forty-two  of  this  mild  mag- 
nefia, but  only  twenty-five  of  fuch  as  does  not  effervefce  with  acids,  the  dif- 
ference depending  on  the  ftate  of  the  precipitating  alkali.  If  this  laft  be  mild, 
or  contain  fixed  air,  fifty-eight  parts  are  neceffary,  and  the  magnefia  is  mild ; 
but  if  it  be  cauftic,  forty-five  parts  will  be  fufficient.  The  double  portion  of 
water  is  ufed,  in  order  that  there  may  be  fufficient  to  diffolve  the  vitriolated  tar- 
tar, which  is  formed  by  the  vitriolic  acid  of  the  Epfom  fait  on  its  union  with  the 
alkali,  and  the  boiling  is  required  to  prevent  a part  of  the  magnefia  from  being 
fufpended  by  a portion  of  the  extricated  fixed  air. 

The  mother  waters  of  nitre  or  fea-falt  contain  magnefia,  which  may  be  obtained 
by  precipitation.  The  former  is  molt  impure,  more  efpecially  on  account  of  an 
abundant  portion  of  lime. 

The  impurity  of  the  alkalis  made  ufe  of,  and  other  circumftances,  affecft  the 
magnefia  to  be  met  with  in  commerce.  To  have  it  pure,  a folution  of  pure 
Epfom  fait  mull  be  precipitated  by  mild  volatile  alkali ; and  the  mild  magjjefia 
which  falls  down  muft  be  frequently  wafhed,  and  then  deprived  of  its  fixed  air 
and  water  by  a red  heat. 

Mild  magnefia  is  a light  impalpable  powder  of  a white  colour,  and  forms  a 
pafte  with  water  which  has  not  much  cohefion.  When  deprived  of  its  fixed  air 
by  heat,  it  is  harlher  to  the  touch,  but  is  not  cauftic  nor  foluble  in  water  like 
lime.  It  does  not  attradt  fixed  air  fo  ftrongly  as  to  take  it  from  any  alkali  but 
the  volatile  by  fimple  attra&ion.  It  does  not  precipitate  lime  water,  but 
throws  down  all  the  metals  from  their  folvents.  It  is  very  foluble  in  acids. 

The  common  magnefia  fhews  figns  of  fufion  in  a ftrong  heat ; but  that  which 
is  pure  refills  the  moft  powerful  focus  of  the  burning  glafs,  without  either  con- 
tracting in  its  dimenfions  *,  or  undergoing  any  other  change.  It  flows  eafily 
with  borax  and  the  microcoftnic  fait : with  equal  parts  of  flint  and  borax  it  af- 
fiimes  the  form  of  a beautiful  coloured  glafs,  refembling  the  topaz.  With 
equal  parts  of  flint  and  fluor  fpar  it  affords  a glafs  refembling  the  chryfolite  : 
and  with  an  equal  portion  of  fluor  alone  it  corrodes  and  runs  through  the 
crucible.  Almoft  any  proportion  of  lime,  pure  clay,  and  flint  is  made  to  flow  in 
the  fire ; and  with  four  times  its  weight  of  green  glafs  it  affords  a mafs  refem- 
bling porcelain,  and  hard  enough  to  give  fire  with  fteel.  It  will  not  flow  with 
an  equal  weight  fingly,  either  of  flint,  quicklime,  ponderous  earth,  glafs,  lead, 
vegetable  alkali,  or  of  vitriolated  tartar.  But  common  clay  runs  with  it  into  an 
hard  mafs. 

Bergman  found  that  one  hundred  parts  of  mild  magnefia  contain  twenty-five 

* Magellan’^  Cronftedt,  art.  Magnefia. 
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parts  acid,  thirty  water,  and  forty-five  of  pure  magnefia  ; that  it  is  fparinglv  fo- 
luble  in  water,  but  more  plentifully  when  the  water  is  impregnated  with  fixed 
air,  and  the  magnefia  very  finely  divided,  as  in  the  cafe  of  precipitation  in  the 
cold,  by  a mild  alkali.  Fourcroy*,  who  has  paid  particular  attention  to  the 
precipitation  of  magnefia,  found  that  perfectly  mild  vegetable  alkali  affords  no 
precipitate  when  added  to  a folution  of  Epfom  fait,  at  the  temperature  of  6o°. 
The  mineral  alkali,  which  contains  lefs  fixed  air  than  the  cryftallized  vegetable 
alkali,  was  likewife  found  to  afford  but  a fmall  quantity  of  precipitate,  unlefs 
heat  was  applied.  Mild  volatile  alkali  exhibited  the  fame  property.  No  preci- 
pitate was  afforded  by  this  fait  in  the  cold  : at  a medium  heat  the  magnefia  was 
fepa.rated,  and  at  a boiling  heat  it  was  again  taken  up,  moft  probably  in  con- 
lequence  of  a triple  combination  of  volatile  alkali,  vitriolic  acid,  and  magnefia, 
having  been  formed.  The  faline  combination  of  fixed  air  and  magnefia  was 
feparated  in  cryftals  from  all  thefe  folutions,  by  ftanding  uncovered  ; during 
which  time  the  abundant  fixed  air  which  held  the  magnefian  fait  in  folution  was, 
no  doubt,  gradually  diffipated.  The  cryftals  afforded,  when  vegetable  alkali  was 
ufed,  were  contaminated  with  vitriolated  tartar,  which  feparates  at  the  fame  time: 
thofe  obtained  by  means  of  the  mineral  alkali  are  finer  and  purer  ; but  the  moft 
beautiful  were  obtained  by  leaving  the  folution,  to  which  volatile  alkali  had  been 
added,  expofed  for  fome  days  in  an  oblong  veffel. 

This  cr  ftallized  aerated  magnefia  has  ufually  the  form  of  fix-fided  prifms. 
It  is  al moft  taftelefs,  effiorefces  in  the  air,  becomes  pulverulent  when  heated,  by 
the  lofs  of  its  fixed  air  and  water,  and  is  foluble  in  about  forty  times  its  weight 
of  water,  at  the  temperature  of  55  °.  Half  its  weight  confifts  of  fixed  air,  one 
fourth  water,  and  one  fourth  magnefia.  The  magnefia  in  this  fait  is  therefore 
combined  with  near  twice  as  much  fixed  air,  and  more  than  three  times  as  much 
water  as  are  contained  in  the  mild  magnefia  of  Bergman. 

There  is  fcarcely  any  combination  of  magnefia  which  does  not  remarkably  differ 
from  thofe  of  lime,  with  which  it  was  formerly  confidered  to  be  identical.  With 
vitriolated  acid  it  forms  Epfom  fait,  which  is  bitter  and  very  foluble,  whereas 
lime  affords  gypfum,  taftelefs  and  almoft  infoluble.  With  nitrous  acid  it  affords 
a cryftallizable  fait.  Lime  does  not.  With  marine  acid  it  forms  a combination 
eafily  deprived  of  its  acid  by  mere  heat.  With  vinegar  it  affords  no  cryftals, 
and  its  elective  attractions  are  likewife  very  different  from  thofe  of  lime.  Alkalis 
have  little  or  no  aCtion  on  magnefia  in  the  humid  way. 

Magnefia  combines  very  fparingly  with  fulphur  in  the  dry  as  well  as  in  the 
humid  way,  and  the  combination  poffeffes  the  hepatic  characters. 

Though  this  earth  appears  to  be  very  extenfively  diffufed  over  the  furface  of 
the  globe,  yet  it  is  undoubtedly  lefs  plentiful  than  the  calcareous,  filiceons,  or 
argillaceous  earths.  Moft'  of  the  native  fpecimens  of  the  magnefian  genus  are 
remarkable  for  a certain  foapy  or  greafy  feel.  Of  thefe  the  moft  common  are 
fteatites  of  a greenilh  colour,  and  foft  enough  to  be  fcraped  with  the  nail ; foap 
rock,  lapis  oi  laris,  or  Spanifh  chalk,  of  a yellow  or  whitifh  colour,  or  black, 
though  rarely,  rather  harder  than  fteatites,  and  fo  eafily  wrought  and  turned 
that  pots  are  made  of  it.  Afbeftos,  amianthus,  and  the  Venetian  and  Mufcovy 
talc  are  included  in  this  genus. 

EARTH  PONDEROUS.  This  earth  owes  its  denomination  to  the  un= 


* Annales  de  Chemie,  ii.  282. 
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common  weight  of  its  combination  with  vitriolic  acid,  which  is  more  plentifully' 
met  with  than  any  other,  and  known  by  the  names  of  ponderous  fpar,  or  mar- 
mor  metallicum.  This  combination  is  found  either  tranfparent  or  opake.  The 
tranfparent  fpar  in  its  ufual  form  is  of  a fix-fided  very  flat  prifm,  ending  in  a 
four-fided  pyramid  ; but,  like  all  other  cryftals,  liable  to  be  varied  by  the  cir- 
cumftances  attending  their  formation.  The  opake  fpecimens,  called  cawk  by 
the  miners,  are  of  a white,  grey,  or  fawn  colour ; frequently  of  no  regular 
figure,  but  ofcen  in  the  peculiar  figure  of  a number  of  fmall  convex  lenfes  fet  in 
a ground.  Moft  fpecimens  of  this  earth  are  more  than  four  times  as  heavy  as 
an  equal  bulk  of  water  ; which  conftitutes  an  effential  difference  between  them 
and  thpfe  of  the  calcareous  genus,  becaufe  thefe  laft  are  little  more  than  twice 
the  weight  of  the  water  they  difplace  on  immerfion.  The  lime  ftone,  or  lapis 
hepaticus,  contains  about  one  third  part  of  this  earth.  And  it  is  alfo  found  com- 
bined with  fixed  air  in  the  mine  of  Anglezark,  near  Chorley  in  Lancalhire*, 
and  alfo  at  Strontian  and  Dunglafs,  near  Dumbarton  in  Scotland. 

To  obtain  ponderous  earth  in  a difengaged  ftate,  the  heavy  fpar  or  vitriolated 
ponderous  may  be  fufed  with  about  twice  its  weight  of  mild  fixed  alkali,  which 
will  combine  with  its  acid  and  form  a neutral  fait,  to  be  wafhed  off  by  water ; 
while  the  ponderous  earth  remains  behind  in  combination  with  fixed  air.  A 
ftrong  heat  drives  off  the  fixed  air,  and  leaves  the  ponderous  earth  in  a ftate  per- 
fectly refembling  quicklime  in  tafte,  and  exhibiting  the  fame  phenomena  with 
water.  This  artificial  combination  of  fixed  air  and  ponderous  earth  differs 
from  the  natural  in  the  remarkable  circumftance,  that  the  latter  contains  no 
water ; and  to  this  it  feems  to  be  owing  that  the  natural  combination  does  not 
lofe  its  acid  by  mere  heat. 

Great  as  the  refemblance  is  between  ponderous  earth  and  lime  in  many  re- 
fpeCts,  yet  in  others  it  differs  fo  much  as  to  fliew  that  they  are  by  no  means 
the  fame  fubftance.  It  is  foluble  in  about  nine  hundred  times  its  weight  of  water, 
when  pure;  but  requires  near  twice  as  much  when  combined  with  fixed  air, 
though  an  excefs  of  this  acid  renders  it  more  foluble.  Its  attraction  to  the  vitriolic 
acid  is  ftronger  than  that  of  any  other  fubftance,  infomuch  that  it  affords  the  beft 
left  of  the  prefence  of  that  acid  in  waters  or  elfewhere.  With  the  nitrous  and 
marine  falts  it  affords  cryftallizable  falts.  The  marine  folution  is  commonly  ufed 
as  the  teft  liquor  for  difcovering  vitriolic  acid.  Ponderous  earth  affords  a deliquef- 
cent  fait  with  acetous  acid.  It  takes  the  vitriolic  acid  from  its  combination  with 
lime;  and  lime,  on  the  other  hand,  takes  the  faccharine  acid  from  its  combinations. 

This  earth  forms  an  hepatic  combination,  when  treated  with  fulphur. 

No  other  earth  is  precipitated  by  the  Pruflian  alkalis ; whence  it  has  been  fuf- 
pefted  to  pofl'efs  a metallic  nature,  though  no  one  has  yet  fucceeded  in  redu- 
cing it. 

It  is  not  fufible  alone  by  theftrongeft  heat.  The  famous  Bolognian  phofpho- 
rus  confifts  of  the  vitriolated  ponderous  earth  ignited  for  a time  with  tome  com- 
buftible  fubftance.  For  this  purpofe  the  fpar  is  pulverized,  then  kneaded  up 
with  mucilage  of  gum  tragacanth,  and  formed  into  pieces  as  thin  as  the  blade  of 
a knife.  1 hefe  pieces  are  afterwards  dried  and  ftrongly  coloured  by  placing 
them  in  the  midft  of  the  coals  of  a furnace.  The  pieces  are  cleared  of  the  allies  by 
blowing  on  them  with  bellows.  In  this  ftate  if  they  be  expofed  to  the  light  for  a 

* Manchefter  Memoirs,  Hi.  J99.  A very  excellent  analyfis  of  this  aerated  ponderous  earth,  by  Dr. 
Withering,  is  inferted  in  thePhil.  Tranf.  for  1784. 
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few  feconds,  and  afterwards  carried  into  a dark  place,  they  fhine  like  glowing 
coals  ; they  even  fhine  under  water.  In  procefs  of  time  they  lofe  this  property  ; 
but  it  may  be  reftored  by  a fecond  heating.  See  Bolognian  Stone. 

EARTH,  PORCELAIN.  A fine  white  clay  j the  Kaolin  of  the  Chinefe. 
All  natural  clays  contain  a large  proportion  of  filiceous  earth  ; and  the  fuperior 
excellence  of  this  clay  for  potters  ufe,  feems  to  depend  in  a great  meafure  on  the 
finenefs  of  its  filiceous  ingredient.  It  abounds  in  particles  of  a micaceous  nature  ; 
and  having  no  oily  or  bituminous  matter  in  its  compofition,  it  retains  its  colour  in 
every  degree  of  heat. 

EARTH,  SILICEOUS.  The  mofl  eminent  characters  of  this  earth  are  its 
hardnefs  and  infolubility  in  almoft  every  acid.  It  exifts  nearly  in  a ftate  of  purity 
in  rock-cryftal,  and  abounds  in  all  natural  bodies  which  are  hard  enough  to  ftrike 
fire  with  the  fteel.  In  the  pulverulent  form  it  poffeftes  a fingular  degree  of  af- 
perity  to  the  touch,  and  has  not  the  lead  difpofition  to  adhere  and  become  knead- 
able  by  the  addition  of  water.  It  has  been  thought  however,  by  Bergman  and 
others,  that  water  may  diflolve  a minute  proportion  of  it.  <5V<*  Crystal  Rock. 
No  acid  diflolves  it  but  that  of  the  floor  fpar,  which  fufpends  it  abundantly  while 
in  the  aeriform  ftate,  lefs  fo  when  diffolved  in  hot  water,  and  very  fparingly  when 
cold.  Alkalis  diflolve  it  both  in  the  humid  and  the  dry  way.  In  the  humid 
way  they  combine  with  about  one-fixth  part  of  their  weight*,  when  the  filiceous 
earth  is  in  a ftate  of  extreme  divifion.  And  in  the  dry  way  they  take  up  a very 
large  proportion,  according  to  the  degree  of  heat  made  ufe  of.  From 
one  to  two  parts  of  alkali,  with  one  part  of  filex,  form  hard  permanent 
glafs ; but  if  the  fait  exceed  this  proportion,  the  compound  will  attract  humidity 
from  the  air,  and  aflume  the  liquid  ftate.  This  fluid,  or  combination  of  filex 
with  water  by  the  medium  of  alkali,  is  known  by  the  name  of  the  liquor  of 
flints.  The  addition  of  an  acid  will  feize  the  alkali,  and  throw  down  the  fili- 
ceous earth  in  a ftate  of  purity  ; and  accordingly  this  is  the  procefs  by  which  it  is 
to  be  obtained  in  adifengaged  ftate.  That  is  to  fay,  let  rock-cryftal  be  diffolved 
by  ftrong  fufion  in  four  times  its  weight  of  fixed  alkali,  and  the  mafs  diffolved 
in  water  ; let  marine  acid  be  then  added  in  excefs ; this  will  feize  the  alkali, 
and  form  foluble  falts  with  any  other  earths  that  may  be  prefent ; but  the  fili- 
ceous earth  will  fall  to  the  bottom.  Repeated  ablutions  in  diftilled  water  will 
feparate  all  the  extraneous  faline  fluid  which  may  be  interpofed  between  thefe 
particles  after  decantation,  and  the  dried  powder  will  confift  of  pure  filiceous 
earth. 

Pure  filiceous  earth  has  not  been  fufed  either  by  the  heat  of  a furnace  or  of 
the  burning  mirror ; but  rock-cryftal  was  fufed  by  Profeffor  Errhmann,  by 
means  of  a flame  urged  by  a ftream  of  vital  air.  With  borax  it  is  eafily  fufed  ; 
but  requires  a longer  time  with  microcofmic  fait.  With  metallic  calces,  more 
efpecially  thofe  of  lead,  it  combines  by  fufion,  and  forms  glafs  of  a denfe  texture 
and  ftrong  refractive  power.  See  Glass. 

Rock  cryftal,  quartz,  flint,  gritftone,  jafper,  and  moft  of  the  precious  ftones 
or  gems,  owe  their  diftinguifhing  qualities  to  filiceous  earth,  and  are  therefore 
confidered  as  fpecimens  of  this  genus.  The  refpective  titles  of  thefe  may  be 
confulted  for  accounts  of  their  component  parts  and  habitudes. 

EARTH,  VEGETABLE.  This  appellation  has  been  given  to  the  infoluble 

* Chaptal,  Elements  of  Chemiftry.  Eng.  Tranflation,  ii.  15. 
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refidue  which  remains  after  the  incineration  of  vegetables,  and  likewife  to  the 
mould  or  foil  bcft  fuited  to  the  propagation  and  growth  of  thefe  organized  beings. 

Vegetables  contain  but  a fmall  proportion  of  earth  of  any  kind,  the  much  greater 
part  cxf  their  fubftance  being  found  by  experiment  to  confift  of  water,  fixed  air, 
and  inflammable  air,  in  the  concrete  or  combined  ftate,  as  remote  principles,  a 
fmall  portion  of  fixed  alkali,  ufually  either  neutralized  by  the  vegetable  acids  or 
combined  with  the  oils  or  mucilage,  and  a few  other  neutral  falts. 

The  earth  of  vegetables  is  for  the  mofl  part  either  calcareous,  or  a mixture  of 
various  earths,  and  fometimes  of  the  calces  of  iron  and  manganefe,  in  different 
proportions,  according  to  the  fpecies  of  the  vegetable.  Thefe  earths  may  be  ob- 
tained either  by  incineration  or  putrefaction,  and  are  not  therefore  the  product  of 
the  fire. 

Vegetable  mould  or  earth,  as  far  as  the  fame  may  confift  of  fixed  parts,  ap- 
pears therefore,  from  thefe  analytical  fadts,  to  be  merely  the  vehicle  by  which  the 
aqueous  or  aerial  fubftances  are  conveyed  into  the  veffels  of  plants.  Other  fyn- 
thetical  experiments  of  plants  fupported  and  nourifhed  by  the  mere  immerfion 
ia  water,  and  fome  which  thrive,  though  their  roots  and  branches  have  no  other 
body  in  contadt  with  them  but  the  air  of  the  atmofphere,  are  fufficiently  ftrong 
in  confirmation  of  this  truth. 

Chaptal  * has  treated  this  fubjeCl  in  a manner  fo  Angularly  perfpicuous  and 
concife,  that  I fhall  follow  him  in  the  remainder  of  the  prefent  article. 

Although  it  is  well  proved  that  pure  water  is  fufficient  for  the  fupport  of  plants, 
it  muft  not  be  concluded  that  the  foil  or  earth  is  of  no  utility.  Its  ufe  is  fimilar 
to  that  of  the  placenta,  which  of  itfelf  affords  no  fupport  to  the  foetus,  but  pre- 
pares and  difpofes  the  blood  of  the  mother  to  become  a fuitable  nutriment ; or  it 
refembles,  in  its  ufeful  application,  the  various  receptacles  which  are  placed  in 
the  human  body,  to  preferve  the  feveral  humours,  and  emit  them  when  required. 
The  earth  imbibes  and  retains  water.  It  is  the  refervoir  deftined  by  nature  to 
preferve  the  elementary  fluid  which  the  plant  continually  requires,  and  to  fupply 
it  in  proportion  to  its  wants,  without  expofing  it  to  the  equally  fatal  alternatives 
of  being  either  inundated  or  dried  up. 

We  may  even  obferve  that  the  young  plant  or  embryo  of  a vegetable  is  not 
entrufted  by  nature  with  the  labour  of  digeftion.  The  feed  is  formed  of  a pa- 
renchyma which  imbibes  water,  elaborates  it,  and  does  not  tranfmit  it  to  the  ger- 
men  until  it  is  converted  into  an  humour  of  a fuitable  quality.  By  infenfible 
gradations  this  feed  is  deftroyed  ;and  the  plant  having  become  fufficiently  ftrong, 
is  left  to  perform  the  digeftive  function  without  farther  affiftance.  So  likewife  it 
is  that  we  obferve  the  foetus  fupported  in  the  womb  by  the  fluids  of  the  mother 
herfelf ; but  when  it  has  feen  the  light,  it  receives  for  its  nourifhment  a fluid  lefs 
animalized ; its  organs  are  gradually  ftrengthened,  and  at  length  become  capable 
of  digefting  a ftronger  and  lefs  affimilated  nutriment. 

But  on  this  very  account,  namely,  that  the  earth  is  deftined  to  afford  a due 
fupply  of  water  to  the  plant,  the  nature  of  the  foil  cannot  be  a matter  of  in- 
difference, but  muft  be  varied  accordingly  as  the  plant  requires  a more  or  lefs  con- 
fiderable  quantity  of  that  fluid  in  a given  time,  in  proportion  to  the  magnitude 
and  extent  of  its  roots. 

A proper  foil  is  that,  ift,  which  affords  a fupport  to  the  plant,  of  fufficient 
* Elements  of  Chcmiftry,  III,  26.  the  whole  feftion  well  deferves  to  be  confulted. 
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firmnefs  to  prevent  its  being  tpo  much  agitated,  or  overthrown,  by  the  winds 
or  other  caufes ; 2d,  which  is  capable  of  admitting  the  roots  to  be  eafily  ex- 
tended ; 3d,  which  is  fuite’d  to  receive  and  abforb  moifture,  that  the  plant 
may  on  no  occafion  fuffer  from  the  want  of  this  effential  requifite.  To  anfwer 
thefe  conditions,  it  is  neceflary  to  make  a due  mixture  of  the  primitive  earths, 
becaufe  no  one  in  particular  is  equal  to  the  accomplifhment  of  them.  Siliceous 
and  calcareous  earths  may  be  confidered  as  hot  and  drying,  the  argillaceous  as 
moift  and  cold,  and  the  magnelian  as  pofleffing  intermediate  properties.  Each  in 
particular  has  its  imperfedions  that  render  it  unfit  for  culture.  Clay  abforbs 
water,  but  does  not  communicate  it ; calcareous  earth  receives  and  gives  it  too 
quickly  ; but  the  properties  of  thefe  earths  are  fo  happily  oppofed  that  they  cor- 
red  each  other  by  mixture.  Accordingly  we  find,  that  by  adding  lime  to  an 
argillaceous  earth,  this  laft  is  divided  ; and  the  drying  quality  of  the  lime  is 
mitigated,  while  the  ftiffnefs  of  the  clay  is  diminished. _ On  thefe  accounts  alfo 
it  is  that  any  fingle  earth  cannot  conftitute  manure  to  be  applied  in  all  cafes ; 
but  the  charader  of  the  foil  intended  to  be  meliorated,  ought  firft  to  be  examined 
and  confidered  before  any  decifion  is  made  concerning  the  manure  to  be  applied. 
M.  Tillet  has  afcertained,  that  the  bell  proportions  of  a fertile  earth  for  corn,  are 
three-eighths  clay,  two-eighths  fand,  and  three-eighths  fragments  of  hard  (tone. 

The  advantage  of  labour  or  cultivation  confifts  in  dividing  the  earth,  impreg- 
nating it  with  air,  deftroying  ufelefs  and  noxious  plants,  and  converting  them 
into  manure  by  facilitating  their decompofidon.  See  Arable  Land. 

EARTH,  VITR1F1ABLE.  Everv  earth  is  in  fad  verifiable  with  proper 
additions,  and  none  without,  except  the  new  fufible  earth.  But  filiceous  earth  has 
been  rather  generally  diftinguifhed  by  this  name,  on  account  of  the  fuperior  fa- 
cility with  which  it  is  converted  into  a good  glafs  by  fufion  with  an  alkali.  See 
Earth  Siliceous,  alfo  Glass. 

EARTHWORMS  are  plentifully  found  in  moift  fat  grounds,  but  rarely,  if  ever, 
in  dry  fands.  M.  Reaumur  propofed  collecting  them  as  a cheap  fubftitute  for  grain 
in  feeding  domeftic  poultry.  The  phyficians,  who  appear  to  have  overlooked  fcarce- 
lyany  produce  of  the  three  kingdoms  of  nature,  have  tifed  thefe  creatures,  under 
the  notion  of  their  pofleffing  an  antifpafmodic  and  diuretic  virtue.  Neumann 
relates  feveral  experiments  nude  with  them.  They  are  cleanfed  by  wafhing,  and 
differing  them  to  creep  through  dry  woollen  cloths.  Unlefs  haftily  dried  by  the  heat 
of  the  fun  or  a fire,  they  are  very  apt  to  putrefy.  Moiftened  with  wine  or  vinous 
fpirit,  to  prevent  their  putrefadion,  and  fet  in  a cellar  in  a wide-mouthed  glafs, 
they  are  almoft  wholly  refolved  in  a few  days  into  a flimy  liquor.  When  this 
liquamen  or  folution  is  mixed  with  a little  fixed  alkali,  and  after  due  evaporation 
fet  by  to  (hoot,  the  cryftals  are  no  other  than  faltpetre„  Neumann  did  not  in 
dired  terms  affert  that  he  himfelf  made  this  experiment,  and  from  the  context 
there  feems  to  be  fome  flight  reafon  to  fufped  he  had  it  from  Stahl. 

He  made  however  his  ufual  fet  of  experiments  with  them  by  digeftion  in 
water  and  ardent  fpirit,  and  by  deftrudive  diftillation.  When  repeated  di- 
geftion with  the  fpirit  was  ufed  firft,  the  quantity  of  extrad  from  four  ounces  of 
the  dried  worms,  and  the  refiduum  treated  with  water,  yielded  three  drams 
and  a fcruple.  But  the  fame  quantity  treated  firft  with  water,  afforded  one 
Ounce,  fix  drams,  and  a fcruple,  after  which  redified  fpirit  extradedtwo  fcruples. 

Thirty-two  ounces  of  dried  earth- worms  yielded,  by  deftrudive  diftillation, 
thirteen,  ounces  and  a half  of  an  alkaline  fluid,  one  ounce  of  concrete  volatile 
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alkali,  and  four  ounces  and  a half  of  empyreumatic  oil.  The  remainder  burned 
in  the  open  air  afforded,  by  lixiviation,  one  ounce  and  a half  of  fixed  alkali. 
The  earthy  refiduum  weighed  fix  ounces  and  a half,  which,  at  that  early  period 
of  chemiftry,  Neumaryi  did  not  poffeffs  the  methods  of  examining.  If  the  worms 
were  putrefied  by  diflillation,  the  volatile  product  was  fcarcely  any  thing  but 
mere  water,  with  very  little  oil  and  volatile  alkali. 

EAU  DE  LUCE.  The  fmell  of  the  volatile  alkali  is  rendered  confiderably 
more  grateful  by  an  imperfedt  combination  with  oil.  Eau  de  luce  is  a com- 
pound of  this  nature,  confiding  chiefly  of  the  effential  oil  of  amber  and  the 
volatile  alkali.  There  is  fome  difficulty  in  compounding  this  fluid,  fo  that  it  fhall 
poffefs  the  defired  quality  of  a beautiful  milky  whitenefs.  For  if  the  combina- 
tion be  too  perfedt  by  a due  proportion  of  the  materials,  it  will  approach  to 
tranfparency  ; and  if  it  be  lefs  perfedt  by  a redundancy  of  oil,  this  lafl  will  fe- 
parate  in  the  form  of  globules,  or  in  a kind  of  cream.  Macquer  * fpeaks  highly 
of  the  following  receipt,  taken  from  the  French  edition  of  the  London  Dif- 
penfatory. 

Take  four  ounces  of  redlified  fpirit  of  wine,  and  in  it  diffolve  ten  or  twelve 
grains  of  white  foap  ; , filter  the  folution,  then  diffolve  in  it  a dram  of  redlified 
oil  of  amber,  and  filter  again.  Mix  as  much  of  this  folution  with  the  ftrongeft 
fpirit  of  fal  ammoniac  or  pure  volatile  alkali,  in  a flint  glafs  bottle,  as,  when  Effi- 
ciently fhaken,  fhall  produce  a beautiful  milky  fluid.  If  a cream  be  formed  on 
its  fur  face,  fome  more  of  the  oily  fpirit  of  wine  mud  be  added. 

ECHINI.  Calcareous  petrifadlions  of  the  echinus,  or  fea  hedgehog. 

EDULCORATION.  This  word  imports  the  fame  thing  as  dulcification, 
properly  fpeaking ; namely,  the  rendering  things  more  mild  : but  chemids  ufe 
the  terms  very  differently.  Dulcification  confids  in  the  obtunding  of  acids  by 
combination  with  ardent  fpirit  (fee  the  word).  Edulcoration  confids  in  carrying 
off  fuperfluous  acid,  or  other  faline  matter,  by  one  or  more  wadiings  with  water. 
Metallic  calces  and  other  infoluble  precipitates  are  ufually  edulcorated  previous 
to  drying  them. 

EFFERVESCENCE.  According  to  its  derivation,  this  term  implies  the 
boiling  over  of  any  fluid  by  heat.  In  chemidry  it  is  appropriated  to  the  com- 
motion and  increafe  of  volume  produced  in  fluids  by  fome  part  of  the  mafs 
fuddenly  taking  the  eladic  form,  and  efcaping  in  numerous  bubbles.  Thus,  when 
an  acid  is  poured  on  chalk,  the  fixed  air  is  difengaged  in  the  eladic  date  with 
bubbles,  vapour,  and  an  hiding  noife. 

Effervefcences  are  more  or  lefs  violent,  according  to  circumdances,  and  are 
ufually  attended  with  a change  of  the  temperature.  If  the  capacity  of  the  mix- 
ture or  new  combination  for  heat  be  diminifhed  by  the  change  the  bodies  have 
undergone,  in  a greater  degree  than  that  of  the  eladic  fluid  is  enlarged,  the  tem- 
perature will  be  increafed  : but  if,  on  the  contrary,  the  mixture  retain  its  original 
or  acquire  an  increafed  capacity,  the  eladic  fluid  will  carry  off  fomuch  of  the  heat 
as  to  produce  a greater  or  lefs  degfee  of  cold  in  the  remainder.  Chemidry 
affords  many  indances  of  both  effedls  taking  place. 

EFFLORESCENCE  is  the  effect  which  takes  place  when  folid  or  confident 
bodies  gradually  and  fpontaneoufly  become  converted  into  a powder.  It  is 
almod  always  occafioned  by  the  lofs  of  the  water  of  crydallization  in  faline  bo- 

* Chemical  Di&ionary,  art.  Eau  dc  Luce. 
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dies.  Thus  the  mild  mineral  alkali,  Glauber’s  fait,  martial  vitriol,  and  many 
other  falts,  are  efflorefcent  ; that  is,  they  become  dry  and  pulverulent,  when  left 
expofed  to  the  air.  Other  efflorefcences  are  occafioned  not  limply  by  the  lofs  of 
moifture,  but  by  procefies  of  a more  compounded  nature,  fuch  as  the  effioref- 
ce'nce  of  vitriolated  clay  or  alum-date  by  the  converlion  of  its  fulphur  into 
vitriolic  acid,  by  roafting  and  expofure  to  the  air,  or  the  effiorefcence  of  the 
martial  pyrites,  which  by  the  fame  treatment  become  converted  into  green 
vitriol,  though  originally  compofed  of  fulphur  and  iron. 

EGGS.  The  eggs  of  hens  and  of  birds  in  general  are  compofed  of  feveral  dif- 
tinCt  fubllances.  1.  The  lliell  or  external  coating,  which  is  compofed  of  lime  and 
phofphoric  acid,  and  confequently  of  the  fame  nature  as  bones,  though  its  thinnefs 
and  extreme  porolity  render  it  apparently  more  brittle.  2.  A thin  white  and 
ftrong  membrane,  polfelling  the  ufual  characters  of  animal  fubllances.  3.  The 
white  of  the  egg,  which  is  an  'adhefive,  tranfparent,  and  imperfectly  fluid  fub- 
llance,  becoming  opake  and  hard  by  a degree  of  heat  which  does  not  deprive 
it  of  any  weight,  diffulible  in  water,  and  feparable  by  the  fame  coagulating  me- 
diums as  feparate  the  curd  of  milk,  from  which,  according  to  Scheele,  it  does 
not  at  all  differ.  See  Cheese.  Both  thefe  fubllances  polfefs  the  quality  of 
ferum,  which  is  diffulible  in  cold  water,  and  coagulates  by  heat,  and  accordingly 
the  refiners  of  fugar  and  other  manufacturers  ufe  either  eggs  or  blood  almoft 
indifcriminately  in  clarifying  their  folutions.  For  the  white  of  egg,  when  it 
alTumes  the  folid  form,  rifes  to  the  top,  in  the  form  of  Ikum,  carrying  the  grofs. 
impurities  along  with  it,  probably  by  a mere  mechanical  eolation  or  Itraining. 
4.  The  yolk,  which  appears  to  confift  of  an  oil  of  the  nature  of  fat  oils,  united 
with  a.  portion  of  ferous  matter,  fufficient  to  render  it  diffufible  in  cold  water,  in 
the  form  of  an  emulfion,  and  concrefcible  by  heat.  Yolk  of  egg  is  ufed  as  the 
medium  for  rendering  relins  and  oils  diffufible  in^water.  An  oil  of  eggs  is  pro- 
cured by  expreffion  from  the  yolks  of  eggs,  previoully  roafled  to  deprive  the 
ferous  part  of  its  fluidity.  A flight  empyreuma  is  given  to  the  oil  by  this 
treatment,  which  might  probably  be  avoided  by  applying  no  greater  heat  than 
on  trial  might  be  found  fufficient  to  coagulate  the  ferum. 

The  produCls  afforded  by  the  feveral  parts  ofeggs,fubjeCted  todeflruClivediflilla- 
tion,  are  nearly  the  fame  as  are  obtained  by  that  method  from  other  animal  matters. 

Mr.  Reaumur  found  that  eggs  might  be  preferved  during  months  or  years,  by 
being  covered  with  mutton  fuet,  or  any  other  fat  fubflance. 

ELECAMPANE.  Neumann  diftilled  thirty-two  ounces  of  the  root,  and 
obtained  three  fcruples  and  a half  of  oil,  part  of  which  (luck  in  the  head  of  the 
flill,  and  part  pafled  down  into  the  receiver,  along  with  the  water  made  ufe  of. 
He  did  not  obtain  a concrete  of  this  nature  from  any  other  vegetable.  It  refem- 
bles  camphor  in  fome  refpeCts,  but  not  in  all.  Water  does  not  affeCt  it.  Ar- 
dent fpirit  totally  diffolves  it.  When  laid  on  burning  coals,  it  exhales  without 
leaving  any  refidue.  Held  over  a gentle  fire  in  a ladle,  it  flows  like  wax  or 
tallow,  and  when  cold,  appears  fofter  and  more  unCluous  than  at  firfl.  The 
younger  Geoffroy  obferves  that  this  matter  refides  in  the  exterior  parts  of  the  root 
near  the  bark. 

ReClified  fpirit  diftilled  from  the  root  carries  nothing  over,  and  water  leaves 
more  behind  it  than  it  takes  up.  One  ounce  of  the  dry  root  afforded  fix  drams  and 
a half  of  extraCl  with  water ; but  the  fame  quantity  with  fpirit  gave  only  two 
drams  and  a half  with  fpirit. 
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ELECTRUM.  Amber.  See  the  article. 

ELEMENTS.  A term  ufed  by  the  earlier  chemifls,  nearly  in  the  fame 
fenfe  as  the  moderns  ufe  the  terms  firfl  principle.  The  chief,  and  indeed  very 
effential  difference  between  them  is,  that  the  ancients  confidered  their  elements 
as  bodies  poffefTing  abfolute  fimplicity,  and  capable  of  forming  all  other  bodies 
by  their  mutual  combination;  whereas  the  firfl  principles  of  the  moderns  are  con- 
fidered as  fimple,  merely  in  refped  to  the  prefent  flate  of  the  art  of  analyfing 
bodies.  That  is  to  fay,  the  ancients  almofl  totally  overlooked  the  imperfection 
of  the  art  in  their  general  deductions ; but  the  moderns  pretend  to  keep  it  in 
view. 

The  experiments  made  in  the  infancy  of  chemiflry  had  for  their  objeCt,  the 
phenomenon  of  combuftion,  referred  by  them  to  a fubflance  called  fire  ; the  ex- 
trication of  elaflic  fluid,  confidered  to  be  of  the  fame  nature  as  the  immenfe 
mafs  which  compofes  the  atmofphere ; water,  neither  compoundable  nor  de- 
ftruCtible  by  any  experiments  then  known  or  underflood  ; and  fubflances  not 
volatile  in  the  flrongefl  heat  of  furnaces,  confounded  by  them,  with  a few  ex- 
ceptions, under  the  general  term  of  earth.  In  this  way  they  obtained  four  ele- 
ments or  firfl  principles,  fire,  air,  water,  and  earth. 

Subfequent  experiments  and  enquiries  have  multiplied  the  number  of  ele- 
ments, and  have  alternately  fhewn  the  inutility  of  any  exclufive  general  arrange- 
ment of  bodies,  as  abfolutely  fimple,  becaufe  not  yet  analyfed.  See  Principles  ; 
alfo  Attraction. 

ELIQUATION.  An  operation,  by  means  of  which  a more  fufible  fub- 
flance is  feparated  from  another  which  is  lefs  fufible.  It  confifls  in  the  appli- 
cation of  a degree  of  heat  fufficient  to  fufe  the  former,  but  not  the  latter.  It 
may  be  effeCled  either  by  ufing  a perforated  crucible,  or  in  the  large  way,  by 
a furnace  conflruCled  to  anfwer  the  fame  purpofe.  In  order  that  a feparation  may 
follow  by  this  method,  it  is  neceffary  that  the  combination  between  the  two 
fubflances  Ihould  be  by  no  means  intimate.  Thus  fulphur  may  be  feparated 
from  its  earthy  admixtures  by  the  gentle  heat  neceffary  to  fufe  it ; but  it  cannot, 
in  the  fame  manner,  be  feparated  from  its  metallic  combinations.  So  likewile 
lead  may  be  feparated  by  eliquation  from  copper ; but  tin  cannot. 

ELUTRIATION.  This  word  is  ufed  by  chemifls  to  denote  the  procefs 
of  wafhing,  as  pradifed  by  metallurgifls  and  others ; and  indeed  this  lafl  and 
more  familiar  term  is  mofl  frequently  ufed.  Thus  the  metallic  ores  are  cleared 
of  earthy  admixtures  by  elutriation,  that  is  to  fay,  wafhing  with  water,  which 
carries  off  the  lighter  earthy  parts,  while  the  heavier  metallic  parts  fubfide  to 
the  bottom. 

EMERALD.  A tranfparent  precious  flone,  of  a green  colour,  nearly  of  the 
fame  hardnefs  as  the  garnet,  or  agate;  but  inferior  to  the  topaz  and  ruby.  In 
its  rough,  or  native  Hate,  it  confifls  of  fix-fided  prifms,  commonly  truncated  at 
both  ends.  Engeflrom  fays,  that  they  become  of  an  opake  white  in  a flrong  fire, 
without  the  leafl  mark  of  fufion  : but  Wallerius  afferts,  that  this  flone,  when 
heated  to  a white  heat,  becomes  of  a deep  blue  colour,  and  phofphorefcent,  and 
recovers  its  green  colour  when  cold.  From  thefe  fads  it  feems  probable,  that  the 
experiments  of  thefe  two  naturalifls  were  made  with  different  kinds  of  emeralds ; 
or  elfe,  that  the  white  colour  in  the  former  experiments  might  arife  from  an  in- 
finity of  flaws  produced  by  the  fudden  application  of  heat.  Fridion  produces 
eledricity  in  the  emerald.  Some  emeralds,  of  the  dark  green  fort,  referable  the 
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tourmalin  in  the  property  of  attracting  fmall  bodies,  by  an  electricity  produced 
by  heating  and  cooling. 

When  cryftallized  cockle,  or  fhirl,  is  found  of  a green  colour,  tranfparent, 
and  free  from  cracks  or  flaws,  it  is  commonly  called  emerald  by  the  jewellers, 
though  it  is  generally  of  a deeper  colour  than  the  true  emerald,  and  alfo  wants 
their  luftre  ; and  hence  it  is,  that  the  cockle  fpar  from  Egypt  is  called  the  mother 
of  emeralds.  However,  it  is  probable  that  this  cockle  was,  in  ancient  times, 
fafhionable  in  Egypt,  under  the  name  of  emerald,  though  at  prefent  it  is  not 
fo  much  valued  as  the  emerald  of  this  (filiceous)  kind. 

The  true  emerald  is  not  aCted  upon  by  mineral  alkali  in  the  dry  way,  but  it 
yields  to  borax,  and  microcofmic  fair,  with  which,  according  to  Qmift  and 
Wallerius,  it  affords  a colourlefs  glafs. 

According  to  Bergman’s  analyfis,  100  parts  of  this  done  contain  60  of  clay, 
24  of  flex,  8 of  lime,  and  6 of  iron.  By  Mr.  Achard’s  analyfis,  the  component 
parts  were  nearly  the  fame. 

EMERY.  1 do  not  know  of  any  analyfis  of  this  fubftance.  The  beft  fort  is  of 
a dark  grey  colour,  but  becomes  brown,  and  in  a great  meafure  magnetical,  by 
calcination.  Other  forts  are  of  a reddifh  rufty  white  or  yellowifh  colour.  This 
mineral  fcarcely  yields  to  any  fubftance  in  hardnefs,  excepting  the  diamond.  It  is 
much  ufed  for  grinding  and  poliftiing.  Mr.  Kirwan  thinks  that  it  confifts  of  a 
mixture  of  the  red  and  white  calces  of  iron  with  fome  unknown  ftony  fubftance, 
perhaps  tripoli. 

EMP  YREU  M A.  This  term  is  applied  to  denote  the  peculiar  fmell  produced 
by  a confiderable  heat  upon  vegetable  or  animal  fubftances,  in  clofed  veffels,  or 
when  burned  under  circumftances  which  prevent  the  accefs  of  air  to  a confi- 
derable part  of  the  mafs,  and  confequently  occafion  an  imperfedt  combuftion,  or 
deftrudlive  diftillation  of  the  parts  fo  covered  up  by  the  reft  of  the  mafs. 

Mr.  Macquer  obferves,  that  empyreuma  is  the  peculiar  fmell  of  burned  oils, 
and  that  no  other  but  oily  fubftances  can  produce  it.  He  even  propofes  this 
indication  as  a teft  of  the  prefence  of  oil,  in  bodies  which  contain  too  fmall  a 
quantity  of  that  fluid  to  admit  of  any  other  way  of  exhibiting  it. 

EMULSION.  An  imperfedt  combination  of  oil  and  water,  by  the  intervention 
of  fome  other  fubftance,  capable  of  combining  with  both  thefe  fubftances.  The 
fubftances  are  either  faline  or  mucilaginous.  Thus  the  volatile  alkali  with  certain 
management  forms  the  emulfive  liquor  called  volatile  liniment  and  eau  de  luce. 
Gum  arabic,  or  fugar  triturated  with  oils,  renders  them  mifcible  with  water,  as  do 
likewife  white  of  egg  and  other  animal  mucilages.  The  vegetable  juices  obtained 
by  compreflion  from  various  feeds  and  other  parts  of  vegetables,  are  of  an  emulfive 
nature.  But  it  does  not  feem  probable  that  they  exift  in  the  vegetable  under 
the  emulfive  form,  but  rather  that  the  feveral  diftindt  veffels  refpedlively  con- 
tain oil,  water,  mucilage,  or  fugar,  the  confufed  mixture  of  which  produces  the 
emulfion.  On  the  fame  principle  it  feems  to  be,  that  the  gum  refins  afford 
emulfions  when  triturated  with  water. 

Sir  Ifaac  Newton  has  fhewn  by  experiment  that  all  bodies  are  tranfparent, 
whofe  particles  do  not  exceed  a certain  magnitude,  which  he  has  deduced  by 
computation  in  his  Optics.  When  opacity  is  the  refult  of  a combination  of  two 
tranfparent  bodies,  it  affords  a confiderable  proof,  that  their  union  is  little  more 
than  mechanical.  It  is  well  known  how  flowly  fmall  particles  either  fink  or  arife 
to  the  furface  of  any  fluid  in  which  they  may  be  fufpended.  Atwood,  in  his 
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Treatife  on  the  rectilinear  and  rotatory  Motion  of  Bodies,  and  other  writers,  have 
(hewn  the  methods  of  afcertaining  thefe  velocities,  when  the  denfities  of  the 
particles  and  of  the  fluid,  together  with  the  magnitude  of  the  former,  are 
known.  Whence  it  is  Qot  to.be  wondered,  that  a flight  tendency  to  chemical 
combination,'  affifted  by  minute  mechanical  divifion,  fho.uld  occafion  the  refpec- 
tive  parts  of  emulfive  liquors  to  remain  for  a, long  time  without  reparation."  It 
is  found,  however,  that  in  procefs  of  time  they  do  feparate. 

ENAMELLING.  The  art  of  enamelling  on  metals  is  treated  at  full  length 
by  Mr.  Brougniart,  in  the  9th  volume  of  the  Annales  de  Chimie,  from  whom  I 
fhall  take  the  greateft  part  of  this  article. 

Neri  on  Glafs,  with  the  notes  of  Merret  and  Kunckel,  afford  a variety  of 
good  receipts  for  making  enamels,  though  much  ftill  remains  to  be  done  in  this 
art.  The  art  is  indeed  retarded  by  the  confiderable  advantage  the  enameller 
derives  from  a difcovery  of  any  colour  uncommonly  brilliant,  clear,  or.  hard. 
On  this  account  the  artift  naturally  endeavours  to  keep  his  procefs  a fecret,  as 
the  fource  of  private  gain.  The  principal  ingredients  of  enamel  colours  are, 
however,  well  known. 

There  are  two  kinds  of  enamel,  the  opake  and  the  tranfparent.  Tranfparent 
enamels  are  ufually  rendered  opake  by  adding  putty,  or  the  white  calx  of  tin,  to 
them.  The  balls  of  all  enamels  is  therefore  a perfectly  tranfparent  and  fufible 
glafs.  The  calx  of  tin  renders  this  of  a beautiful  white,  the  perfection  of  which 
is  greater  when  a fmall  quantity  of  manganefe  is  likewife  added.  If  the  calx  of 
tin  be  not  fufficient  to  deftroy  the  tranfparency  of  the  mixture,  it  produces  a 
femi-opake  glafs,  refembling  the  opal. 

Yellow  enamel  is  formed  by  the  addition  of  calx  of  lead,  or  antimony.  Kunck- 
el likewife  affirms,  that  a beautiful  yellow  may  be  obtained  from  lilver. 

Red  enamel  is  afforded  by  the  calx  of  gold,  jmd  alfo  by  that  of  iron.  The  for- 
mer is  the  molt  beautiful,  and  Hands  the  fire  very  well,  which  the  latter  does  not. 

Calx  of  copper  affords  a green;  manganefe,  a violet;  cobalt,  a blue;  and  iron, 
a very  fine  black.  A mixture  of  thefe  different  enamels  produces  a great  variety 
of  intermediate  colours,  according  to  their  nature  and  proportion.  In  this  branch 
of  the  art,  the  coloured  enamels  are  fometimes  mixed  with  each  other,  and  fome- 
times  the  calces  are  mixed  before  they  are  added  to  the  vitreous  bafes. 

The  enameller,  who  is  provided  with  a fet  of  good  colours',  is  very  far  from 
being  in  a fituation  for  praClifing  the  art,  unlefs  he  be  ikilled  in  the  methods  of 
applying  them,  and  the  nature  of  the  grounds  upon  which  they  are  to  be  laid. 
Many  of  the  metals  are  too  fufible  to  be  enamelled,  and  almoft  all  of  them  are 
corroded  by  the  aCtion  of  the  fufed  glafs.  For  this  reafon,  none  of  the  metals 
are  ufed  but  gold,  filver,  and  copper.  Platina  has  indeed  been  ufed  ; but  of  its 
effedts  and  habitudes  with  enamels,  very  little  can  be  faid,  for  want  of  a fufficient 
number  of  experiments. 

The  pureft  gold  of  24  carats  is  calculated  to  produce  the  befl  effedt  with 
enamel,  r.  Becaufe  it  entirely  preferves  the  metallic  brilliancy  without  under- 
going any  calcination  in  the  fire.  2.  Being  lefs  fufible,  it  would  admit  of  a 
more  refradtory,  and  confequently  a harder  and  more  beautiful  enamel.  It  is  not 
ufual,  however,  to  enamel  upon  finer  gold  than  22  carats ; and  the  operation 
would  be  very  defedtive,  if  a coarfer  kind  than  that  of  18  carats  were  ufed.  For 
in  this  cafe  more  alkali  muff  be  added  to  the  enamel,  to  render  it  more  fufible, 
and  this  addition  would  at  the  fame  time  render  it  fofter  and  lefs  brilliant. 
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Rejecting  all  thefe  exceptions,  the  author  gives  the  following  defcription,  by 
way  of  example,  of  fixing  a tranfparent  blue  enamel  upon  gold  of  22  carats. 

The  artift  begins  his  operation  by  breaking  the  enamel  into  fmall  pieces 
in  a fteel  mortar,  and  afterwards  pulverifing  it  in  a mortar  of  agate.  He  is  care- 
ful to  add  water  in  this  part  of  his  procefs,  which  prevents  the  fplinters  of  glafs 
from  flying  about.  There  are  no  means  of  explaining  the  point  at  which  the 
trituration  ought  to  be  given  up,  as  this  can  be  learned  only  by  experience. 
Some  enamels  require  to  be  very  finely  triturated  ; but  others  may  be  ufed  in 
the  form  of  a coarfe  powder.  As  foon  as  he  apprehends  that  his  enamel  is 
fufficiently  pounded,  he  wafhes  it  by  agitation  in  very  clear  water,  and  pouring 
off'  the  fluid  as  it  becomes  turbid.  This  operation,  which  is  made  for  the  purpofe 
of  carrying  off  dufl  and  every  other  impurity  from  the  enamel,  is  continued  until 
the  water  comes  off  as  clear  as  it  was  poured  on. 

The  workman  puts  his  enamel,  thus  prepared,  in  a white  china  or  earthen 
faucer,  with  water  poured  on  it  to  the  depth  of  about  one  tenth  of  an  inch.  He 
afterwards  takes  up  this  enamel  with  an  iron  fpatula,  as  equally  as  poflible.  As 
the  enamel  here  fpoken  of  is  tranfparent,  it  is  ufual  to  ornament  the  furface  of  the 
gold  with  rofe  work,  or  other  kinds  of  work,  calculated  to  produce  a good 
effed  through  the  enamel. 

The  thicknefs  of  this  firfl  layer  depends  entirely  upon  its  colour : delicate 
colours,  in  general,  require  that  it  fhould  have  no  great  thicknefs. 

The  moift  enamel  being  thus  placed,  is  dried  by  applying  a very  clean  half- 
worn  linen  cloth  to  it,  which  mull  be  very  carefully  done,  to  avoid  removing 
the  enamel  by  any  adion  of  wiping. 

In  this  flate  the  piece  is  ready  for  the  fire.  If  it  be  enamelled  on  both  fides, 
it  is  placed  upon  a tile,  hollowed  out  in  fuch  a manner,  that  the  uncovered  edges 
of  the  piece  alone  are  in  contact  with  the  iron.  But  if  it  be  enamelled  on  one  fide 
only,  it  is  Amply  laid  upon  the  plate,  or  on  a tile.  Two  things,  however, 
require  to  be  attended  to.  1.  If  the  work  be  very  fmall,  or  not  capable  of 
being  enamelled  on  its  oppofite  fide,  the  iron  plate  muff  be  perfectly  flat,  in 
order  that  the  work  may  not  bend  when  foftened  by  heat.  2.  If  the  work  be 
of  conflderable  Aze,  it  is  always  counter-enamelled  if  poflible ; that  is  to  fay,  an 
enamel  is  applied  on  the  back  furface,  in  order  to  counterad  the  effed  which  the 
other  coating  of  glafs  might  produce  on  thefoft  metal,  when  it  came  to  contrad 
by  cooling. 

The  enamellers  furnace  is  fquare  and  built  of  bricks,  bedded  in  an  earth 
proper  for  the  purpofe.  It  may  be  confldered  as  conflfting  of  two  parts,  the 
lower  part,  which  receives  a muffel,  refting  on  the  floor  of  the  furnace,  and  open 
on  both  Aides. 

The  upper  part  of  the  furnace  conAfls  of  a Are-place,  rather  larger  and  longer 
than  the  dimenflons  of  the  muffel.  This  fire-place  contains  the  charcoal,  which 
muff;  furround  the  muffel  Sn  all  Aides,  excepting  at  the  bottom.  The  charcoal 
is  put  in  at  a door  above  the  muffel,  and  which  is  clofed  when  the  fire  is 
lighted.  A chimney  proceeds  from  the  fummit  of  the  furnace  with  a mode- 
rate aperture,  which  may  be  clofed  at  the  pleafure  of  the  artift,  by  apply- 
ing a caft  iron  plate  to  it.  This  furnace  differs  from  that  of  the  aflayer  in  the 
circumftance  that  it  is  lupplied  with  air  through  the  muffel  itfelf : for  if  the 
draught  were  beneath  the  muffel,  the  heat  would  be  too  ftrong,  and  could  not 
be  flopped  when  requifite. 
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As  Toon  as  the  fire  is  lighted,  and  the  muffel  has  obtained  the  requifite  degree 
of  ignition,  the  charcoal  is  difpofed  towards  the  lower  part  of  the  muffel  in  fuch 
a manner  as  that  it  (hall  not  fall  upon  the  work,  which  is  then  conveyed  into 
the  muffel  with  the  greatefl  care  upon  the  plate  of  iron  or  earthen  ware,  which  is 
taken  up  by  long  fpring  pinchers.  The  work  is  placed  as  near  as  poffible  at  the 
further  extremity  of  the  muffel ; and  as  foon  as  the  artift  perceives  a commence- 
ment of  fufion,  he  turns  it  round  with  great  delicacy,  in  order  that  the  fufion  may 
be  very  uniform.  And  as  foon  as  he  perceives  that  the  fufion  has  completely 
taken  place,  he  inflantly  removes  it  out  of  the  furnace  : for  the  fufion  of  gold 
happens  fo  very  near  that  of  the  enamel,  that  a negledt  of  a few  feconds  might  be 
attended  with  confiderable  lofs. 

When  the  work  is  cooled,  a fecond  coat  of  enamel  is  applied  in  the  fame  manner 
as  the  firffc,  if  neceffary.  This,  and  the  fame  cautious  management  of  the  fire, 
are  to  be  repeated  for  every  additional  coat  of  enamel  the  nature  of  the  work  may 
demand. 

As  foon  as  the  number  of  coatings  are  fufficient,  it  becomes  neceffary  to 
give  an  even  furface  to  the  enamel,  which,  though  polifhed  by  the  fire,  is 
neverthelefs  irregular.  This  is  done  with  an  Englifh  fine-grained  file  and 
water.  As  the  file  wears  fmooth,  fand  is  ufed.  Much  precaution  and  addrefs 
are  required  in  this  part  of  the  work,  not  only  becaufe  it  is  eafy  to  make  the 
enamel  feparate  in  fplinters  from  the  metal,  but  likewife  becaufe  the  colour 
would  not  be  uniform  if  it  were  to  be  ground  thinner  at  one  part  than  at 
another. 

The  deep  fcratches  of  the  file  are  in  the  next  place  taken  out,  by  rubbing  the 
furface  with  a piece  of  deal  wood  and  fine  fand  and  water.  A polifh  is  then  given 
by  a fecond  ignition.  This  polifh,  however,  is  frequently  in  fufficient,  and  not 
fo  perfectly  uniform  as  the  delicacy  of  the  work  may  require. 

The  fubflance  ufed  by  the  enamellers,  as  a polifhing  material,  is  known  by  the 
name  of  rotten-flone ; which  is  prepared  by  pounding,  wafhing,  decanting  off 
the  turbid  water,  fuffering  the  fine  fufpended  particles  to  fubfide  from  this  water, 
and  laftly  levigating  it  upon  a glafs  plate. 

The  work  is  then  cemented  to  a fquare  piece  of  wood  with  a mixture  of  rofin 
and  brick-duft,  and  by  this  means  fixed  in  a vice. 

The  firft  operation  of  polifhing  is  made  by  rubbing  the  work  with  rotten- 
flone  upon  a fmall  flrait  bar  of  pewter.  Some  delicacy  is  here  required,  to  avoid 
fcratching  or  producing  flaws  in  the  enamel,  by  prefling  it  too  hard.  In  this  way 
the  piece  is  rendered  perfe&ly  even  : but  the  laffc  brilliant  polifh  is  given  by  a 
piece  of  deal  wood  and  the  fame  rotten-flone. 

This  is  the  general  method  of  applying  enamels ; but  fome  colours  require 
more  precaution  in  the  management  of  the  fire.  Opake  colours  require  lefs 
management  than  the  tranfparent.  A variety  of  circumflances  muft  be  attended 
to  in  the  management  of  tranfparent  colours ; every  colour  requires  gold  of  a 
particular  finenefs. 

When  different  colours  are  intended  to  be  placed  befide  one  another,  they  are 
kept  feparate  by  a fmall  edge  or  prominency,  which  is  left  in  the  gold  for  that 
purpofe,  and  is  polifhed  along  with  the  enamel. 

The  enamelling  upon  filver  is  effedled  nearly  in  the  fame  manner  as  that  of 
gold ; but  the  changes  fuflained  by  the  colours  upon  the  filver,  by  the  adlion  of 
fire,  are  much  more  confiderable  than  when  gold  is  ufed. 
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Copper  is  not  much  ufed  by  enamellers,  on  account  of  the  difficulty  which 
attends  the  attempt  to  fix  beautiful  colours  upon  it.  When  this  metal  is  ufed, 
the  common  praftice  is  to  apply  a coating  of  opake  white  enamel,  and  upon  this 
other  colours  which  are  more  fufible  than  the  white. 

A good  effect  is  produced  in  toys,  by  leaving  part  of  the  gold  bare.  For 
this  purpofe  its  furface  is  cut  into  fuitable  compartments  by  the  engraver.  This, 
however,  is  an  expenfive  method,  and  is  for  that  reafon  occafionally  imitated  by 
applying  fmall  and  very  thin  pieces  of  gold  upon  the  furface  of  the  enamel,  where 
they  are  fixed  by  the  fire,  and  afterwards  covered  by  a tranfparent  vitreous 
coating. 

After  this  detail  of  the  art  of  enamelling,  Mr.  Brougniart  defcribes  a method 
of  taking  off  the  enamel  from  any  toy,  without  injuring  its  metallic  part.  For 
this  purpofe,  a mixture  of  common  fait,  nitre  and  alum  in  powder,  is  applied 
upon  the  enamel,  and  the  piece  put  into  the  furnace.  As  foon  as  the  fufion  has 
taken  place,  the  piece  is  fuddenly  thrown  into  water,  which  caufes  the  enamel  to 
fly  off  either  totally  or  in  part.  The  part  which  may  remain  is  to  be  removed 
by  repeating  the  fame  operation  a fecond  time.  See  Glass  ; aljo  Pottery. 

ENS  M ARTIS.  A name  anciently  given  to  the  calx  of  iron  which  arifes  in 
fublimation,  with  twice  its  quantity  of  fal  ammoniac.  Medical  pra&ice  does  not 
at  prefent  place  this  preparation  in  a higher  rank  of  eftimation  than  other  calces 
of  iron. 

ENS  VENERIS.  The  ens  martis  is  in  many  difpenfatories  called  by  this 
name  ; others  direCt  a fublimation  to  be  made  with  fal  ammoniac,  and  the  calx  of 
cupreous  vitriol,  a procefs  which  it  is  well  known  affords  no  flowers,  or  at  leaft 
a quantity  proportioned  merely  to  the  iron  with  which  the  vitriol  of  copper  may 
be  contaminated.  It  appears,  therefore,  that  there  is  no  ens  veneris. 

ENTROCH1.  A genus  of  extraneous  foffils,  ufually  of  about  an  inch  in  length, 
and  made  up  of  a number  of  round  joints,  which,  when  feparate  and  loofe,  are 
called  trochitse  : they  are  compofed  of  the  fame  kind  of  plated  fpar  with  the 
foffil  Ihells  of  the  echini,  which  is  ufually  of  a blueifh  grey  colour;  and  are  very 
bright  where  frefii  broken  : they  are  all  ftriated  from  the  centre  to  the  circum- 
ference, and  have  a cavity  in  the  middle.  They  feem  to  be  the  petrified  arms 
of  that  Angular  fpecies  of  the  fea  ftar-filh,  called  Stella  Arborefcens. 

ESSAY.  See  Assay. 

ESSENCES.  Several  of  the  volatile  or  eflential  oils  are  called  effences  by  the 
perfumers. 

ETHER.  A very  volatile  fluid,  produced  by  the  diftillation  of  ardent 
fpirit  with  an  acid.  The  vitriolic  ether  is  upon  the  whole  belt  known,  though 
there  are  various  ethers  made  by  means  of  other  acids.  As  fome  advantages 
may  be  gained  by  treating  of  the  whole  under  one  article,  I fhafl  accordingly 
purfue  that  method.. 

Various  paffages  in  the  writings  of  the  earlier  chemifts  fufficiently  evince,  that 
the  vitriolic  ether  was  among  their  fecrets ; but  it  was  fcarcely  attended  to  before 
the  year  1730,  when  a certain  quantity  was  prefented  to  the  Royal  Society  by 
Dr.  Frobenius,  and  certain  experiments  were  made  of  its  moft  obvious  qualities. 

When  ftrong  vitriolic  acid  is  poured  upon  an  equal  meafure  of  rectified  fpirit 
of  wine,  the  fluids  unite  with  an  hiding  noife  and  the  production  of  heat,  at  the 
fame  time  that  a fragrant  vegetable  fmell  is  perceived,  refembling  that  of  apples. 
It  is  much  better  and  fiifer,  however,  to  add  the  acid  by  fmall  portions  at  a time, 

at 


E T H 


E T H 


C 311  ] 

at  fuch  intervals  of  time,  as  that  no  perceptible  heat  may  be  produced.  The 
mixture  may  be  made  in  a glafs  retort,  and  the  diftillation  performed  by  regu- 
lated heat  on  a fand-bath,  a large  receiver  being  previoufly  well  adapted  and  kept 
cool  by  immerfion  in  water,  or  the  frequent  application  ot  wee  cloths.  The  com- 
pound apparatus,  fig.  2.  plate  I.  may  be  advantageoufly  ufed  in  this  as  in 
other  diftillations.  The  firft  produd  is  a fragrant  fpirit  of  wine,  which  is  followed 
by  the  ether,  as  foonas  the  fluid  in  the  retort  begins  to  boil.  At  this  period  the 
upper  part  of  the  receiver  is  covered  with  large  difiind  ftreams  of  the  fluid,  which 
run  down  its  Tides.  After  the  ether  has  palfed  over,  volatile  fulphureous  acid 
arifes,  which  is  known  by  its  white  fumes  and  peculiar  fmell.  At  this  period 
the  receiver  muft  be  unluted  and  removed,  care  being  taken  to  avoid  breathing 
the  penetrating  fumes  of  the  acid  ; and  the  fire  muft  at  the  fame  time  be  mode- 
rated, becaufe  the  refidue  in  the  retort  is  difpofed  to  fwell.  A light  yellow  oil, 
called  fweet  oil  of  wine,  comes  over  after  the  ether,  and  is  fucceeded  by  black 
and  foul  vitriolic  acid.  The  refidue  varies  in  its  properties  according  to  the 
management  of  the  heat.  If  the  fire  be  much  increafed  towards  the  end  of  the 
procefs,  the  volatile  vitriolic  acid  that  comes  over  will  be  mixed  with  vinegar. 
If  the  remaining  fluid  contained  in  the  retort  after  the  ether  has  pafied  over,  be 
not  urged  further,  it  may  be  made  to  afford  more  ether  by  the  addition  of  one- 
third  of  very  ftrong  fpirit ; and  this  may  be  repeated  fucceflively,  with  lefs 
quantities,  until  near  twice  the  quantity  of  the  fpirit  originally  made  ufe  of  has 
been  added. 

The  ether  comes  over  mixed  with  fpirit  of  wine  and  fome  volatile  vitriolic 
acid.  It  was  ufual  to  add  fome  diftilled  water  to  this  produd,  which  occafioned 
the  ether  to  rife  to  the  top.  Redification  is  abfolutely  neceffary  if  the  ether  have 
a fulphureous  fmell ; and  this  is  indeed  the  better  method  in  all  cafes,  becaufe 
the  water  added  in  the  old  method  always  abforbs  about  one  tenth  part  of  its 
weight  of  ether,  which  cannot  be  recovered  without  having  recourfe  to  diftil- 
lation ; and  alfo,  becaufe  the  ether  is  found  to  abforb  a quantity  of  the  water. 
Simple  redification,  with  the  addition  of  a little  lime  or  alkali,  and  by  a gentle 
heat,  is  therefore  preferable. 

Dr.  Hopfon,  in  his  General  Syftem  of  Chemiftry,  taken  chiefly  from  Weigleb  *, 
has  given  a very  copious  abftrad  of  the  experiments  on  ethers  of  M.  Dollfufs, 
related  by  him  in  his  Pharmaceutifch-Chemifche  Erfahrungen  ed  Leipzig,  1787, 
which  well  deferves  to  be  confulted,  and  to  which  the  reader  is  referred  for  fuller 
information  on  this  fubjed.  The  inexperienced  chemift  muft,  however,  be 
reminded,  that  the  extreme  inflammability  of  ardent  fpirit,  and  ftill  more  of 
ether  j the  danger  of  explofion  which  attends  the  fudden  mixture  and  agitation 
of  concentrated  acids  and  ardent  fpirit ; and  the  fuffocating  effed  of  the  elaftic 
fluids,  which  might  fill  the  apartment  if  inadvertently  difengaged  ; are  all  cir- 
cumftances  which  require  cautious  management. 

Vitriolic  ether  is  one  of  the  lighteft  and  moft  volatile  of  all  non-elaftic  fluids. 
Its  diflipation  into  the  air  by  evaporation  is  fo  fudden  as  to  produce  extreme  cold. 
It  is  highly  inflammable,  burns  with  a more  luminous  flame  than  ardent  fpirit, 
and  emits  more  fmoke. 

The  adion  of  this  fluid  upon  faline  fubftances  has  been  little  attended  to. 
It  does  not  appear  to  ad  upon  lime  or  fixed  alkalis.  Cauftic  volatile  alkali  com- 
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bines  with  it  in  all  proportions.  Vitriolic  acid  combines  with  it,  and  extricates 
heat  j and  from  this  compound  the  fweet  oil  of  wine  may  be  obtained  by  diftil- 
lation.  Nitrous  acid  caufes  an  effervefcence,  and  renders  it  more  oily.  It 
diffolves  camphor  very  plentifully. 

Nitrous  acid  has  fo  ftrong  a difpofition  to  combine  with  ardent  fpirit,  that  a 
confiderable  danger  of  explofion  attends  the  mixture  of  thefe  fluids.  Both  thefe 
circumftances  have  given  rife  to  a number  of  procefles  for  forming  nitrous  ether. 
It  has  been  made  by  mixing  the  two  fluids  in  a retort,  connected  with  very 
capacious  receivers  ; a method  in  which  it  is  probable,  that  no  ordinary  degree 
of  precaution  would  be  fufficient  to  fecure  the  operator  from  the  danger  of  the 
veflel’s  being  blown  in  pieces  by  the  elaftic  fluid  that  is  fo  fuddenly  extricated. 
It  may  alfo  be  obtained  without  diftillation,  from  a mixture  of  nitrous  acid  and 
ardent  fpirit.  For  this  purpofe,  fix  ounces  of  highly  rectified  fpirit  of  wine  are 
put  into  a ftrong  bottle,  capable  of  containing  one  pound  of  water,  and  immerfed 
up  to  the  neck  in  a veffel  of  very  cold  water,  in  which  it  will  be  advantageous  to 
put  three  or  four  pounds  of  ice,  broken  fmall.  Upon  the  fpirit,  in  this  fituation, 
and  kept  continually  agitated,  four  ounces  of  nitrous  acid  of  the  fpecific  'gravity 
of  1.5,  are  to  be  poured,  in  four  or  five  fucceflive  portions,  or  even  more  gradu- 
ally. As  foon  as  the  mixture  is  completed,  the  bottle  muft  be  clofed  with  a 
good  cork,  fecured  with  leather  and  packthread,  or  wire;  and  the  whole  muft 
be  left  in  a place  where  it  may  remain  undifturbed,  no  other  attention  being 
necefiary  than  that  of  renewing  the  water  from  time  to  time,  as  it  may  become 
heated.  In  the  courfe  of  two  or  three  hours  the  tranfparency  of  the  fluid  be- 
comes troubled  by  an  infinity  of  drops  of  ether,  which  are  difengaged  from  every 
part  of  its  volume.  This  ether  gradually  rifes  to  the  fhrface,  and  at  the  end  of 
twenty  four  hours  it  may  be  feparated  from  the  reft  of  the  liquor  by  means  of  a 
funnel.  In  opening  the  phial,  it  is  necefiary  firft  to  pierce  the  cork  with  a 
pointed  inftrument,  in  order  that  a quantity  of  elaftic  fluid  may  efcape,  which 
might  otherwife  fuddenly  follow  the  cork,  and  carry  part  of  the  fluid  along  with 
it.  The  quantity  of  ether  obtained  in  this  way  will  be  about  four  ounces.  Its 
colour  is  of  a light  orange,  and  part  is  difpofed  to  efcape  with  effervefcence, 
whenever  the  bottle  which  contains  it  is  unftopped.  This  feems  to  arife  from  a 
portion  of  uncombined  acid  contained  in  the  fluid.  It  muft  be  re&ified  in  order 
to  have  it  pure ; and  in  this  procels  it  lofes  near  half  its  weight. 

The  danger  attending  the  making  of  nitrous  ether  is  lefs  when  the  acid  is 
diluted.  1 he  method  of  Dr.  Dehne,  as  defcribed  by  Weigleb  *,  though  he  ufes 
concentrated  acid,  appears  to  be  very  fafe.  This  chemift  put  two  pounds  of 
pure  ardent  fpirit  into  a tubulated  retort,  to  which  a large  receiver  was  luted, 
and  added  to  this  half  an  ounce  of  fuming  nitrous  acid  every  four  hours,  drop 
by  drop.  Twelve  ounces  of  the  acid  having  been  introduced  in  this  manner  into 
the  retort,  and  half  an  ounce  more  being  added,  the  mixture  began  to  throw  up 
fmall  bubbles,  though  without  producing  any  heat,  and  twelve  hours  elapfed 
before  all  was  quiet  again.  By  this  means  about  an  ounce  of  ether  came  over 
into  the  receiver,  which,  on  the  farther  addition  of  nitrous  acid,  received  an 
increafe.  After  this,  two  drams  of  the  acid  only  were  added  morning  and  even- 
ing. On  the  eighth  day,  after  the  firft  addition,  a greenifh  ether  was  feen  to  cover 
the  liquor  in  the  retort,  to  the  depth  of  about  half  an  inch ; but  the  addition  of 

* General  Syftem  of  Chemiftry,  by  Hopfon,  page  514. 
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nitrous  acid  was  ftill  continued,  till  on  the  twelfth  day  one  pound  and  five  ounces 
of  nitrous  acid  had  been  introduced  into  the  receiver.  The  mixture  then  began 
to  be  affe&ed  with  a brilker  motion,  when  the  ether  was  taken  off,  and  weighed 
one  pound  and  one  ounce.  Upon  the  refiduum  he  then  poured,  drop  by  drop, 
as  before,  two  drams  of  nitrous  acid  morning  and  evening,  till  the  acid  fell  to  the 
bottom  in  the  form  of  perfectly  green  globules.  Dr.  Dehne,  in  confequence  of 
much  experience,  affirms,  that  thefe  bubbles  are  a fign  that  no  more  ether  will  be 
feparated  by  any  fubfequent  addition  of  nitrous  acid ; but  that  the  mixture  is 
faturated  with  nitrous  acid,  and  will  yield  no  further  produce^  unlefs  ardent 
fpirit  be  added.  The  quantity  of  ether  feparated  the  fecond  time,  amounted  to 
eight  ounces  and  three  drams.  So  that  the  whole  produce  of  ether  was  one  pound, 
nine  ounces,  and  three  drams,  afforded  by  adding  one  pound,  ten  ounces,  and 
three  drams  of  nitrous  acid  to  two  pounds  of  ardent  fpirit.  The  refiduum  weighed 
one  pound  twelve  ounces,  and  five  ounces  were  loft,  which  was  probably  ether. 
The  operation  fucceeds  beft  in  cold  weather ; and  it  has  frequently  been  obferved, 
that  ardent  fpirit,  diftilled  from  oily  bodies,  yields  more  ether  than  when  pure. 
This  nitrous  ether,  like  the  foregoing,  is  commonly  ftill  acid,  and  may  be 
treated  with  a folution  of  alkali,  and  fubfequent  rectification. 

We  fhall  barely  mention  the  other  lefs  diredt  proceffes  for  forming  ni- 
trous ether:  1.  A mixture,  of  two  parts  vitriolic  acid  and  four  ardent  fpirit, 

added  to  four  parts  dry  nitre,  affords  by  diftillation  a dulcified  nitrous  acid, 
mixed  with  ether,  of  which  two  parts  may  be  had  by  rectification  *.  2.  If 

nearly  one  part  of  diluted  nitrous  acid  be  carefully  poured  upon  two  parts  of 
denfe  nitrous  acid  ; and  upon  this  there  be  poured,  with  the  fame  caution,  three 
parts  of  ftrong  ardent  fpirit ; and  this  compound  fluid  be  left  to  ftand  in  a phial 
loofely  corked,  the  acid  and  fpirit  will  gradually  aCt  upon  each  other,  and  ether 
will  in  a day  or  two  be  formed  at  the  top.  The  whole  being  put  into  a retort, 
affords  two  parts  and  more  of  vei*y  pure  ether,  by  diftillation.  3.  If  nitrous  acid 
be  difengaged  in  the  ufual  way  from  nitre  by  the  addition  of  vitriolic  acid,  and 
the  acid  which  comes  over  be  received  into  ardent  fpirit,  this  laft  will  become  in 
part  converted  into  ether,  which  may  be  feparated  by  rectifying.  The  method 
is  faid  to  be  attended  with  fome  danger. 

In  certain  proportions  of  the  materials,  and  by  due  management  of  the 
procefs  for  making  nitrous  ether,  the  nitrous  acid  wholly  difappears,  and  the 
refidue  is  found  to  contain  no  nitrous  acid,  but  fome  vinegar  and  the  acid  of  fugar. 

Rectified  nitrous  ether  burns  with  a flame  rather  more  luminous  than  that 
afforded  by  the  vitriolic  ether,  at  the  fame  time  that  it  gives  out  rather  more 
fmoke,  and  leaves  a black  trace  behind.  In  other  refpeds  it  very  much  refem- 
bles  the  vitriolic  ether. 

. The  methods  of  making  marine  ether  confift  in  applying  the  marine  acid,  in 
the  dephlogifticated  or  aerated  ftate,  to  ardent  fpirit ; for,  in  the  common  ftate  of 
the  acid,  their  mutual  ^aCtion  is  little  or  none.  In  Mr.  Weftrumb’s  method,  it 
is  procured  from  four  ounces  of  common  fait,  two  of  powdered  manganefe,  two 
of  vitriolic  acid,  and  fix  of  ardent  fpirit,  by  means  of  diftillation.  The  liquor 
being  diftilled  to  drynefs,  is  poured  back  upon  the  refiduum,  and  diftilled  afrelh. 
In  this  diftillation,  nearly  the^half  which  comes  over  is  dulcified  marine  acid,  and 
moft  of  the  other  half  marine  ether,  which  may  be  feparated  from  the  reft  by  the 
addition  of  water. 
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Marine  ether  is  very  tranfparent  and  volatile,  and  burns  with  a fmoke  and 
fuffbeating  fmell.  Many  chemifts  doubt  the  exiftence  of  marine  ether,  and 
aflert,  that  the  produtft  which  is  fo  called  is  merely  a dulcified  fpirit. 

It  is  a queftion  whether  any  ether  can  be  produced  by  the  diredt  application  of 
the  acetous  acid  to  ardent  fpirit.  It  appears  to  be  a condition,  that  the  acid 
fliould  be  in  the  aerated  ftate;  and  as  it  appears  to  exift  in  this  ftate  (ufually 
called  radical  vinegar),  in  mod  falts  the  ethereal  combinations  are  beft  effected 
in  the  indirect  methods.  According  to  Weftendorf’s  recipe,  equal  parts  of  the 
ftiongeft  fpirit  of  vinegar  (probably  the  radical  vinegar)  and  ardent  fpirit  are 
mixed  together,  and  fuffered  to  (land  for  fome  days  in  a well-ftopped  glafs 
veil’d,  until  the  mixture  has  acquired  a peculiarly  agreeable  fmell.  The  liquor 
is  then  to  be  poured  into  a retort  with  a receiver  accurately  luted  on,  and  nearly 
the  half  is  to  be  drawn  off  by  a gentle  heat.  One  fixteenth  part  of  fixed  alkali, 
diffolved  in  four  times  its  weight  of  water,  is  to  be  added  to  the  diftilled  product, 
and  the  fluid  gently  agitated  with  a circular  motion,  which  will  caufe  the  ether 
to  rife  and  float  at  the  furface  like  oil,  whence  it  may  be  taken  off.  Its  quantity 
commonly  amounts  to  half  that  of  the  ardent  fpirit  employed.  Half  the  original 
quantity  of  ardent  fpirit  may  be  again  added  to  the  acetous  refidue  once  or  twice 
more,  by  which  means  the  ethereal  produd  will  be  flill  more  augmented. 

Various  methods  are  given  of  producing  acetous  ether  by  the  decompofition  of 
an  acetous  neutral  fait,  by  the  addition  of  a mineral  acid.  Thus,  if  an  ounce  of 
alkali  faturated  with  vinegar  be  diffolved  in  three  ounces  of  ardent  fpirit,  and  a 
li  tie  more  of  any  mineral  acid  be  added  than  is  requifite  to  faturate  the  alkali, 
and  the  mafs  be  then  diftilled,  acerous  ether  will  be  obtained.  Or  if  eight 
ounces  of  fugar  of  lead  be  gently  dried  to  deprive  it  of  its  water  of  cryftallization, 
which  amounts  to  rather  more  than  one  fourth  of  its  weight ; if  in  this  ftate  it  be 
put  into  a glafs  retort,  and  a mixture  of  five  ounces  of  vitriolic  acid,  and  eight 
ounces  of  fpirit  of  wine,  be  poured  on  it,  and  the  whole  be  expofed  to  diftillarion 
by  a very  gentle  heat;  the  firft  ounce  that  paffes  over  will  confift  of  dulcified 
acetous  acid,  the  next  ounce  will  be  almoft  all  ether,  and  the  whole  quantity  of 
ether  produced  will  be  near  four  ounces. 

Acerous  ether  is  not  nearly  fo  volatile  as  the  nitrous  or  vitriolic.  It  burns  with 
a blue  flame  like  ardent  fpirit. 

The  acid  obtained  by  diftillation  from  wood  likewife  affords  an  ether  remark- 
able in  its  quantity,  which  confiderably  exceeds  that  of  the  ardent  fpirit  made 
ufe  of*.  For  this  purpofe  the  acid  may  be  diftilled  from  beech  wood, 
rectified  a fecond  time,  and  then  faturated  with  fixed  alkali.  Three  pounds  of 
the  acid  require  about  five  ounces  of  purified  alkali  (1  fuppofe  mild).  By 
evaporation  to  drynefs,  flight  fufion,  with  fubfequent  folution,  filtration,  and 
evaporation,  three  ounces  and  a quarter  of  a foliated  neutral  fait  are  obtained. 
The  concentrated  acid  of  wood  may  be  difengaged  from  this  by  diftillation  with 
two  ounces  of  vitriolic  acid ; and  the  quantity  of  acid  of  wood  thus  obtained 
weighs  one  ounce  and  three  quarters.  By  mixing  this  with  ^an  equal  quantity 
of  pure  ardent  fpirit,  and  diftilling  with  a fmall  retort,  near  two  ounces  and  a 
quarter  of  ether  are  obtained. 

A mixture  of  one  ounce  of  the  diftilled  acid  of  wood  forrel  with  an  equal 
quantity  of  ardent  fpirit,  afforded  by  diftillation  three  drams  of  ether,  in  the 
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hands  of  Savary.  The  cry  Hall  i zed  faccharine  acid  diftilled  with  an  equal  portion 
of  ardent  fpirit,  afforded  Bergman,  firft,  ardent  fpirit,  then  an  acid  liquor,  which 
by  evaporation  yielded  cryftailized  faccharine  acid  and  precipitated  lime-water, 
and  on  the  top  of  which  floated  a thin  ftratum  of  ether,  that  acquired  a blue 
tinge  from  calx  of  copper,  and  did  not  take  fire  until  previoufly  heated.  Its 
flame  was  blue. 

An  ethereal  liquor  was  obtained  by  Crell,  by  gentle  diftillation  of  equal  parts 
of  acid  'of  fat  and  ardent  fpirit.  The  phofphoric  acid  does  not  produce  ether 
by  direct  combination  with  ardent  fpirit ; but  the  combination  is  faid  to  take  place 
by  diftilling  a due  mixture  of  ardent  fpirit,  microcofmic  fait,  and  vitriolic  acid, 
the  phofphoric  acid  being  probably  expelled  from  its  bafe  in  a higher  ftate  of 
acidification  than  it  poflefles  when  obtained  by  fuffering  phofphorus  to  deliquefce 
in  the  air.  An  ether  is  alfo  afforded  by  the  acid  of  ants,  treated  in  the  fame 
method  as  the  acetous  acid. 

The  acid  of  benzoin  does  not  produce  ether  by  Ample  digeftion  with  ardent 
fpirit;  but  when  one  part  of  the  acid  of  benzoin  is  diftilled  with  three  of  ardent 
fpirit,  and  half  a part  of  common  marine  acid,  pure  fpirit  comes  firft  over,  and 
afterwards  an  ethereal  combination,  part  of  which  floats  at  the  top,  and  part  finks 
to  the  bottom.  This  is  not  more  volatile  than  acetous  ether,  and  burns  with  a 
bright  flame  and  fmoke. 

Notwithftanding  the  great  improvements  of  modern  chemiflry,  we  are  ftill  in 
a great  meafure  at  a lofs  refpedling  the  true  theory  of  ethers  It  was  formerly 
thought,  that  the  acid  merely  deprived  the  fpirit  of  a portion  of  combined  water, 
which  prevented  it  from  exhibiting  oleaginous  properties.  It  appears,  however, 
to  be  afeertained  at  prefent,  that  all  ethers  contain  a portion  of  that  peculiar 
acid,  by  whofe  adlion  the  fpirit  was  changed,  as  may  be  (hewn  by  fuffering  them 
to  evaporate,  by  burning  them  upon  water,  or  by  proper  re-agents  : and  it  is 
alfo  obfervable,  that  in  fome  instances  the  quantity  of  ether  exceeds  that  of  the 
ardent  fpirit.  Chaptal,  in  his  Elements  of  Chemiftrv,  afferts  with  confidence, 
that  ether  is  nothing  but  a combination  of  ardent  fpirit  and  vital  air,  and  adduces 
a very  curious  experiment,  wherein  he  obtains  an  ethereal  liquor  by  repeated 
diflillations  of  good  alcohol  from  the  red  calx  of  mercury.  Valuable,  however, 
as  this  fadt  appears  to  be,  it  is  by  no  means  conclulive  in  favour  of  his  opinion, 
which  is  overthrown,  as  to  its  generality,  by  the  remarkable  differences  in  the 
properties  of  the  feveral  ethers,  and  the  peculiar  acids  feparable  from  them.  Dr. 
Dollfufs,  quoted  by  Hopfon  *,  in  his  notes  to  Weigleb’s  General  Syflem  of 
Chemiflry,  infers  that  the  acid  made  ufe  of,  does,  by  a procefs  analogous  to 
combuftion,  convert  the  vegetable  acid  of  the  fpirit  into  a coal,  while  another 
part  of  the  fame  firft-mentioned  acid  combines  with  the  difengaged  oleaginous 
part  of  the  fpirit,  and  forms  a fubtle  foap  or  ether.  And  this  theory  is  with  con- 
fiderable  acutenefs  modified  by  Dr.  Hopfon,  who  concludes,  that  the  acid  con- 
verts ardent  fpirit  into  ether  by  the  operation  of  double  affinity;  that  is  to  fay, 
admitting  that  ardent  fpirit  confifls  of  the  bafes  of  inflammable  and  fixed  air,  or 
the  vegetable  principle,  in  combination,  as  inferred  from  Mr.  Lavoifier’s  analyfis 
by  combuftion  -j~;  he  judges,  that  the  vital  air  of  the  acid  made  ufe  of  unites  with 
the  vegetable  principle,  and  forms  acid  of  tartar  and  vinegar,  while  the  bafis  of 
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the  fame  acid  combines  with  the  inflammable  bafis  of  the  ardent,  and  forms  ether 
which  is  properly  an  oil. 

ETHIOPS,  MARTIAL.  Iron  in  the  form  of  a very  fubtle  powder,  and  in 
the  firft  ftage  of  calcination.  It  was  introduced  into  medicine  under  this  name 
by  the  younger  Lemery,  and  is  thus  made  : Very  clean  iron  filings  are  to  be 

put  into  a glafs  veflel,  and  covered  with  water  to  the  depth  of  two  or  three  inches. 
In  this  fituation  they  are  to  be  frequently  agitated,  until  a confiderable  portion 
has  acquired  the  form  of  a black  powder,  eafily  fufpended  in  the  water.  By 
decantation  of  the  turbid  water,  and  fubfequent  repofe,  the  black  powder  may 
be  obtained  feparate,  which  is  afterwards  to  be  dried  by  heat  in  a glafs  retort, 
and  ground  fine  upon  porphyry. 

The  ethiops  appears  to  be  produced  by  the  concurrent  a&ion  of  the  air  and 
water  : for  this  laft,  when  pure,  a<fts  very  little  upon  iron.  It  was  formerly 
fuppofed  to  poffefs  peculiar  advantages  as  a medicine  but  there  is  no  reafon  to 
think  that  the  degree  of  calcination,  in  which  only  it  differs  from  the  other  calces 
of  iron,  is  of  much  confequence  to  the  medical  exhibition  of  this  metal. 

The  martial  ethiops  is  in  a ftate  fo  nearly  approaching  that  of  the  pure  metal, 
that  it  obeys  the  magnet,  and  was  ufed  by  Dr.  Knight,  to  make  artificial  load- 
ftones,  by  kneading  it  up  with  linfeed  oil. 

ETHIOPS,  MINERAL.  A combination  of  mercury  and  fulphur.  It  is 
black,  and  may  be  made  either  by  triturating,  in  a glafs  or  earthen  veflel,  two 
parts  of  mercury  with  three  of  flowers  of  fulphur,  till  the  mercury  has  difappeared  ; 
or  otherwife,  by  fufing  fulphur  in  an  unglazed  earthen  veflel,  taking  it  from  the 
fire,  and  mixing  an  equal  weight  of  mercury  by  ftirring  the  mafs  with  a fpatula 
till  it  is  cold.  It  is  then  to  be  pounded  and  fifted. 

Mercurial  ethiops  is  faid  not  to  differ  from  cinnabar,  except  in  the  proportion 
of  the  materials.  It  feems  probable,  however,  that  the  mercury  may  be  more 
calcined  in  the  latter  than  in  the  former  compound. 

Lemery  fays,  that  half  the  materials  are  loft  when  the  ethiops  is  made  by  fire  : 
but  it  is  probable  that  this  muft  have  arifen  from  fomething  in  the  management ; 
for  the  whole  lofs  in  the  cinnabar  manufactory  is  lefs  than  one  fortieth  part.  See 
Cinnabar. 

The  ethiops  mineral  has  been  given  in  afthma,  fcrophula,  and  other  difeafes 
arifing  from  obftrudion.  It  is  at  prefent  little  regarded,  and  may  certainly  be 
confidered  of  little  efficacy,  if  attention  be  paid  to  the  large  dofes  which  may  be 
taken  of  this  fubftance,  with  little  apparent  effeCt  on  the  patient. 

EVAPORATION.  A chemical  operation  ufually  performed  by  applying  heat 
to  any  compound  fubftance,  in  order  to  difpel  the  volatile  parts.  It  differs  from 
diftillation  in  its  objed,  which  chiefly  confifts  in  preferving  the  more  fixed  matters, 
while  the  volatile  fubftances  are  diffipated  and  loft.  And  the  veffels  are  accord- 
ingly different*  evaporation  being  commonly  made  in  open  fhallow  veffels,  and 
diftillation  in  an  apparatus  nearly  clofed  from  the  external  air. 

The  degree  of  heat  muft  be  duly  regulated  in  evaporation.  When  the  fixed 
and  more  volatile  matters  do  not  greatly  differ  in  their  tendency  to  fly  off,  the 
heat  muft  be  very  carefully  adjufted  : but  in  other  cafes  this  is  lefs  neceflary. 

As  evaporation  confifts  in  the  aflumption  of  the  elaftic  form,  its  rapidity  will 
be  in  proportion  to  the  degree  of  heat  and  the  diminution  of  the  preffure  of  the 
atmofphere.  A current  of  air  is  likewife  of  fervice  in  this  procefs ; partly  from 
its  abforbing  the  vapours,  by  combining  with  them  as  they  rife,  and  partly  from  • 
c the 
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the  convenience  attending  the  fpeedy  removal  of  thefe  vapours  when  of  a noxious 
or  corrofive  nature. 

EUDIOMETER.  An  inftrument  for  afcertaining  the  purity  of  air,  or  rather 
the  quantity  of  vital  or  truly  refpirable  air  contained  in  any  given  bulk  of  elaftic 
fluid.  Dr.  Prieftley’s  difcovery  of  the  great  readinefs  with  which  nitrous  air 
combines  with  dephlogifticated  or  vital  air,  and  by  that  means  becomes  precipi- 
tated in  the  form  of  nitrous  acid  (fee  Acid,  Nitrous  ; alfo  Air,  Atmospheri- 
cal), is  the  bafis  upon  which  almoft  every  inftrument  of  this  kind  has  hitherto 
been  conftruded. 

Mr.  Cavendifli,  in  the  Philofophical  Tranfa<ftions  *,  gives  his  opinion  in  favour 
of  the  eudiometer  of  the  Abbe  Fontana,  chiefly  becaufe  the  tube  in  which  the 
mixture  is  made  is  long  and  narrow,  and  the  other  parts  are  fo  formed  and 
adjufted,  that  the  air  rifes  flowly  in  one  continued  column  up  the  tube — advan- 
tages which  afford  time  to  feparate  the  tube  from  the  reft  of  the  apparatus,  and 
(hake  it  before  the  airs  come  quite  in  contacft  j by  which  means  the  diminution 
is  much  greater  and  more  fpeedy  than  it  would  otherwife  be. 

For  inftance,  if  equal  meafures  of  common  and  nitrous  air  be  mixed  in  this 
manner,  the  bulk  of  the  mixture  will  in  general  be  about  one  meafure  : whereas, 
if  the  airs  be  fuffered  to  remain  in  contadt  about  one  fourth  of  a minute  before 
they  are  ftiaken,  the  bulk  of  the  mixture  will  be  hardly  lefs  than  one  meafure  and 
two  tenths  ; and  will  be  very  different  accordingly  as  it  is  fuffered  to  remain,  a 
little  more  or  a little  lefs  time,  before  it  is  ftiaken.  In  like  manner  the  refult 
will  be  varied,  if  by  any  fault  in  the  apparatus  the  air  be  fuffered  to  rife  in  bub- 
bles ; becaufe  in  this  cafe  it  will  not  be  poflible  to  agitate  it  foon  enough. 

The  fpeedy  acquifition  of  the  maximum  of  diminution  is  another  great  advan- 
tage in  the  method  ; and  the  whole  is  well  explained  by  Mr.  Cavendifli,  who 
concludes,  that  they  depend  on  the  prefence  of  the  water,  which  at  the  very 
inftant  of  the  combination  of  the  airs  is  by  the  agitation  brought  every  where  into 
contadl  with  the  precipitated  nitrous  acid,  and  confequently  abforbs  it  with 
readinefs  and  facility. 

The  eudiometer  of  Mr.  Cavendifli  confifts  of  the  following  apparatus : A 
(plate  II.  fig.  2.)  is  a cylindrical  glafs  veffel,  with  brafs  caps  at  top  and  bottom ; 
to  the  upper  cap  is  fixed  a brafs  cock,  B : the  bottom  cap  is  open,  but  is  made 
to  fit  clofe  into  the  brafs  focket  D d,  and  is  fixed  in  it  in  the  fame  manner  as  a 
bayonet  is  on  a mulket.  The  focket  D d has  a fmall  hole  in  its  bottom,  and 
is  fattened  to  the  board  of  the  pneumatic  tub  (fig.  3.  pi.  I.)  by  the  bended  brafs 
F f G,  in  fuch  manner,  that  b the  top  of  the  cock  is  about  half  an  inch  under 
water.  Confequently  if  the  veffel  A be  placed  in  its  fockets  with  any  quantity  of 
air  in  it,  and  the  cock  be  then  opened,  the  air  will  run  out  by  the  cock,  but  will 
do  fo  very  flowly,  as  it  can  efcape  no  fatter  than  the  water  can  enter  by  the  fmall 
hole  E to  fupply  its  place. 

Befides  this  veffel  b,  there  are  three  glafs  bottles  M (fig.  3),  each  with  a flat  brafs' 
cap  at  bottom  to  make  it  ftand  fteady,  and  a ring  at  top  to  fufpend  it  by,  and 
alfo  fome  meafures  of  different  fizes,  fuch  as  B (fig.  4).  Thefe  are  of  glafs,  with 
a flat  brafs  cap  and  a wooden  handle.  In  ufing  them  they  are  filled  with  the 
air  required  to  be  meafured,and  then  fet  upon  a brafs  knob,  c,  fixed  on  theflielf 
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of  the  apparatus  below  the  furface  of  the  water.  This  knob  drives  out  fome  of 
the  air,  and  leaves  only  the  proper  quantity. 

The  author  ufes  two  different  methods  of  mixing  the  airs : the  firft  is,  to  add 
the  refpirable  air  flowly  to  the  nitrous ; and  the  other  to  add  the  nitrous  in  the 
fame  manner  to  the  refpirable.  He  mofl  commonly  ufes  the  firft.  In  this 
method  a proper  quantity  of  nitrous  air  is  put  into  one  of  the  bottles  M,  by 
means  of  one  of  the  meafures  here  defcribed  ; and  a proper  quantity  of  refpirable 
is  let  into  the  veffel  A,  by  firft  filling  it  with  this  air,  and  then  fetting  it  on  the 
knob  C,  as  was  done  by  the  meafure.  The  veffel  A is  then  fixed  in  the  focket, 
and  the  bottle  M placed  with  its  mouth  over  the  cock.  Then  on  opening  the 
cock,  the  air  in  the  veffel  A runs  flowly  in  fmall  bubbles  into  the  bottle  M,  which 
is  kept  (baking  all  the  time  by  moving  it  backwards  and  forwards  horizontally, 
while  the  mouth  (till  remains  over  the  cock. 

The  errors  arifing  from  a greater  quantity  of  water  remaining  adherent  to  the 
infide  of  the  meafures  and  tubes  in  eudiometers  at  one  time  than  another,  are 
found  to  be  very  confiderable.  Mr.  Cavendifh  obviates  them  by  afcertaining  the 
diminution  of  bulk  from  the  weight  of  water  admitted  into  the  veffels.  For  this 
purpofe  he  fufpends  a forked  wire  from  one  end  of  a balance,  placed  fo  as  to 
hang  over  the  tub  of  water,  to  each  end  of  which  fork  is  fixed  a fine  copper  wire. 
In  trying  the  experiment,  the  veffel  A,  with  the  refpirable  air  in  it,  is  firft  weighed 
by  fufpending  it  from  one  of  thefe  copper  wires,  in  fuch  manner  as  to  remain 
entirely  under  water.  The  bottle  M,  with  the  proper  quantity  of  nitrous  air  in 
it,  is  then  hung  on  in  the  fame  manner  to  the  other  wire,  and  the  weight  of  both 
together  found.  The  air  is  then  let  out  of  the  veffel  A into  the  bottle  M,  and 
the  weight  of  both  veffels  found  again,  the  increafe  of  weight  being  that  of  a 
volume  of  water  equal  in  magnitude  to  the  air  which  has  dilappeared  by  the  com- 
bination. Laftly,  the  bottle  M is  taken  off,  and  the  veffel  A weighed  by  itfelf, 
which  gives  the  quantity  of  refpirable  air  made  ufe  of  by  a fimilar  increafe  in  its 
weight.  Care  muft  be  taken  in  this  method  that  the  furfaces  of  the  air  ir.  both 
veffels  be  nearly  or  abfolutely  on  the  fame  level,  that  the  preffure  of  the  fuperin- 
cumbent  water  may  be  equal  on  both. 

I have  given  an  account  of  this  eudiometer  and  the  method  of  ufingit,  becaufe 
in  fa£t  it  appears  to  poffefs  the  means  of  greater  accuracy  than  any  other.  The 
whole  paper  is  highly  deferving  of  the  attention  of  philofophers. 

EUPHORBIUM.  A gummy  refin  exfuding  from  a large  oriental  fhrub, 
Euphorbia  officin.  Linn. 

It  is  brought  to  us  immediately  from  Barbary,  in  drops  of  an  irregular  form  ; 
fome  of  which,  upon  being  broken,  are  found  to  contain  little  thorns,  fmall 
twigs,  flowers,  and  other  vegetable  matters  ; others  are  hollow',  without  any 
thing  in  their  cavity  ; the  tears  in  general  are  of  a pale  yellow  colour  externally, 
fomewhat  white  withinfide  : they  eafily  break  betwixt  the  fingers.  Lightly  ap- 
plied to  the  tongue,  they  affeCt  it  with  a very  lharp  biting  tafte  ; and,  upon  being 
held  for  fome  time  in  the  mouth,  prove  vehemently  acrimonious,  inflaming  and 
exulcerating  the  fauces,  &c.  Euphorbium  is  extremely  troublefome  to  pulverize, 
the  finer  part  of  the  powder  which  flies  off,  affecting  the  head  in  a violent  manner. 
The  acrimony  is  fo  great  as  to  render  it  abfolutely  unfit  for  any  internal  ufe. 
Several  correctors  have  been  contrived  to  abate  its  virulence,  but  the  beft  of 
them  are  not  to  be  trufted  to ; and  as  there  feems  to  be  no  real  occafion  for  it, 
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tinlefs  for  fome  external  purpofes,  we  think  with  Hoffman  and  others,  that  it 
ought  to  be  expunged  from  the  catalogue  of  internal  medicines. 

EXCREMENTS.  However  important  the  knowledge  of  the  component 
parts  of  fecal  matter  may  be,  to  facilitate  our  acquaintance  with  the  animal 
fyftem,  it  may  eafily  be  imagined,  that  the  purfuits  of  the  majority  of  chemifts 
would  be  directed  to  departments  of  the  fcience  which  promifed  effedts  of  a 
lefs  unpleafant  nature.  We  polfefs  but  one  fet  of  experiments  made  on  this 
lubjedt  by  Homberg  at  the  beginning  of  the  prefent  century.  This  philofopher, 
in  confequence  of  alchemiftical  information,  inftituted  a fet  of  operations  upon 
the  fecal  matter  of  men  fed  entirely  upon  the  bread  of  Gonefle  *and  Champaigne 
wine.  He  found,  that,  when  recent,  it  afforded  by  difliilation  to  drynefs  an 
aqueous,  clear,  infipid  liquor  of  a difagreeable  odour,  which  contained  no  volatile 
alkali ; but,  by  continuing  to  diftil  the  refidue  by  a graduated  fire,  he  obtained 
fluid  and  concrete  volatile  alkali,  a fetid  oil,  and  a coaly  refidue;  fubftance* 
which  this  imperfedt  method  of  analyfis  exhibits  with  every  kind  of  animal 
fubftance. 

The  human  fecal  matter,  by  lixiviation  in  water,  filtration,  and  fubfequent 
evaporation,  afforded  an  oily  fait  refembling  nitre,  which  was  fufed  on  ignited 
coals,  and  took  fire  when  heated  to  a certain  degree  in  clofed  veffels.  The  fame 
fecal  matter,  after  it  had  undergone  a complete  putrefaction  for  forty  days  in  the 
gentle  heat  of  a water  bath,  afterwards  afforded  by  difliilation  a colourlefs  oil 
without  fmell,  which  was  the  thing  fought  after  ; but  it  did  not  fix  mercury,  as  he 
had  been  led  to  expedt. 

lmperfedt  as  this  examination  is,  it  is  rendered  {till  lefs  generally  applicable 
by  the  peculiar  nature  cf  the  aliments  from  which  the  matter  originated.  For  it 
cannot  be  doubted,  but  that,  as  the  excrements  are  the  refidue  of  the  food  taken, 
they  will  differ  according  to  the  nature  of  that  food,  as  is  indeed  fufficiently 
evinced  from  their  more  obvious  qualities. 

EXPANSION.  All  bodies  expand  by  heat;  but  the  differences  are  exceed- 
ingly  great  between  fome  bodies  and  others.  Whether  this  difference  may  de- 
pend upon,  or  be  connedted  with,  any  of  the  other  known  properties  of  the  feve- 
ral  bodies,  cannot  be  inferred  from  any  experiments  yet  made.  Of  all  fubftances 
hithertoexamined,  it  isfound  that  the  vegetable  fibre  varies  its  dimenfionslengthwife 
the  lead  by  change  of  temperature;  for  which  reafon  a ftraight- grained  rod  of  deal 
wood  is  found  to  be  much  preferable  to  any  other  fimple  fubftance  in  the  con- 
ftrudtion  of  pendulums  for  clocks.  This  fame  objedt,  namely,  the  conftrudtion 
of  pendulums,  together  with  other  circumftances  relative  to  geometrical  admea- 
furements,  have  rendered  it  of  fome  importance  to  afcertain  the  proportional 
expanfions  of  metals,  and  fome  other  bodies,  by  change  of  temperature.  There 
are  two  ways  of  doing  this.  The  firft,  pradtifed  by  Muffchenbroek,  Ellicott, 
and  many  others,  confifts  in  the  application  of  a train  of  wheels  or  levers, 
which  magnify  the  motion  by  the  increafed  velocity  of  the  extreme  part  of  the 
train.  The  other  contrivance,  by  Ramfden,  confifts  in  placing  two  microfcopes 
above  the  body  whofe  dimenfions  are  required  to  be  afcertained  ; and  as  thefe 
inftruments  are  fixed  to  a bar  of  call  iron  conftantly  kept  at  the  freezing  tempera- 
ture by  furrounding  it  with  melting  ice,  their  diftance  does  not  vary  from  this 
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caufe.  The  laft  method,  pradifed  by  General  Roy*,  is  much  preferable  to  any- 
other  hitherto  carried  into  effed  j and  it  is  much  to  be  regretted  that  the  fub- 
flances  examined  by  the  General  were  fo  few  in  number.  He  found  that  the  ex- 
panfions  of  the  following  fubftances,  in  each  foot  of  length,  by  a change  of  tem- 
perature of  180  degrees  of  Fahrenheit’s  thermometer,  that  is  to  fay,  from  the 
freezing  to  the  boiling  points  of  water,  were  as  under. 

Standard  brafs  fcale,  length  42*187.  It  expanded  per  foot  0*0222646  inch. 

Englilh  plate  brafs  rod  5 feet  long,  difficult  from  its  thinnefs  to  be  kept  free 
from  warping,  expanded  per  foot  0*0227136  inch. 

Englifh  plate  brafs  in  form  of  a trough,  perfedly  ftrong,  expanded  per  foot 
0*0227386  inch. 

Steel  rod  5 feet  long  expanded  per  foot  0*01373618  inch. 

Caft  iron  prifm  3 feet  long  expanded  per  foot  0*0133126  inch. 

Glafs  tube  5 feet  long  expanded  per  foot  0*0093138  inch. 

Solid  glafs  rod  404  inches  long  expanded  per  foot  0*0096944  inch. 

The  brafs  fcale  was  fuppofed  to  be  Hamburgh  brafs. 

The  makers  of  aftronomical  regulators  ^vailed  themfelves  of  the  difference  of  ex - 
panfion  of  brafs  and  fteel  to  make  pendulums,  whofe  centres  of  ofcillation  remain 
at  an  invariable  diftance  from  their  refpedive  centres  of  fufpenfion.  Portable 
time-pieces  are  likewife  made  to  afcertain  the  longitude  at  fea  with  confider- 
able  precifion,  by  forming  the  rim  or  circular  part  of  the  balance  of  brafs  and 
fteel  foldered  together,  the  ring  of  brafs  being  outermoft.  The  effed  of  two 
fuch  pieces  of  metal  being  foldered  together  is,  that  they  change  their  figure 
by  change  of  temperature.  For  it  may  eafily  be  underftood,  that  when  a rod  of 
brafs  is  firmly  foldered  to  a rod  of  fteel,  and  the  temperature  of  both  be  raifed, 
the  greater  expanfion  of  the  brafs  will  caufe  that  fide  of  the  compound  bar  to  be 
longer  than  the  oppofite  fide  which  is  fteel.  And  this  cannot  take  place  with- 
out bending  of  the  bar,  which  accordingly  takes  place,  the  brafs  fide  becoming 
convex.  A diminution  of  temperature  reftores  the  original  figure,  and  a ftill 
greater  degree  of  diminution  muft  of  courfe  bend  it  the  contrary  way. 

The  conftrudion  of  time-pieces  is  very  remotely  related  to  the  purfuits  of  the 
chemift ; but  there  is  no  department  of  fcience  which  cannot  indicate  ufeful 
truths  to  the  cultivators  of  other  branches  : this  ingenious  application  of  the  dif- 
ferences of  expanfion  in  metals  is  here  mentioned  as  a hint  to  the  chemift,  who 
may  eafily  apply  it  in  the  conftrudion  of  a thermometer  for  meafuring  the  degrees 
of  heat  by  the  adual  ignition  of  two  metals  rivetted,  or  otherwife  fattened  to- 
gether. 

EXPRESSION,  or  Pressure.  The  juices  of  vegetables,  and  the  fluid  parts 
of  other  foft  fubftances,  are  obtained  by  putting  them  into  a cloth  or  bag,  and 
expofing  it  to  the  adion  of  the  prefs. 

EXTRACT.  When  decodion  is  carried  to  that  point  as  to  afford  a fub- 
ftance  either  folid  or  of  the  confiftence  of  pafte,  this  refidual  product  is  called 
an  extrad.  When  chemifts  fpeak  of  extrad  or  extradive  matter,  they  moft 
commonly  mean  the  produd  of  aqueous  decodion  $ but  the  earlier  chemifts 
frequently  fpeak  of  fpirituous  extrad. 

* Philofophical  Tranfa&ions,  vol.  Ixxv. 
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ARINA. — See  Bread. 

FAT.  The  fat  of  animals  is  a fubftance  of  the  fame  nature  as  thofe  oils  which 
are  called  fat  oils  in  the  vegetable  kingdom.  Its  confidence  is  various  in  different 
animals,  and  in  different  parts  of  the  fame  animal.  The  fat  of  the  human  fpe- 
cies  and  of  quadrupeds  is  confident,  and  of  a white  or  yellowifh  colour ; the  fat 
of  the  internal  parts  being  ufually  firmer  than  that  which  is  placed  among  the 
mufcles.  It  poffeffes  all  the  chara&ers  of  vegetable  fat  oils,  though  the  crude 
fat  of  animals  appears  to  contain  a confiderable  quantity  of  mucilage  or  jelly 
peculiar  to  that  kingdom,  which  may  for  the  molt  part  be  wafhed  off  by  agita- 
tion in  a large  quantity  of  hot  water. 

Neumann  treated  the  fat  of  the  goofe,  the  hog,  the  fheep,  and  the  ox,  in  a 
glafs  retort  by  a fire  gradually  raifed.  He  obtained  phlegm,  an  empyreumatic 
and  brownifli  oil,  and  a brilliant  coal.  This  analyfis  led  him  no  farther  than  to 
the  conclufion,  that  there  is  little  difference  between  fats.  But  modern  experi- 
mentshave  fiiewnthat  it  contains  an  acid  of  a peculiar  nature,  for  an  account  of 
which  fee  Acid  of  Fat. 

FEATHERS.  We  do  not  poffefs  experiments  that  point  out  any  difference 
between  feathers  and  the  other  animal  coverings,  when  chemically  confidered. 
The  horns,  hair,  and  feathers  of  animals  are  more  confident  than  the  fkin  and 
mufcular  parts,  and  appear  to  contain  lefs  gelatinous  matter.  Perhaps  they 
may,  on  due  enquiry,  be  found  to  contain  a large  portion  of  ferum.  Neumann 
found  that  feathers  afforded  more  volatile  alkali  than  hair  or  wool,  but  lefs  than 
filk.  Caudic  alkali  combines  with  them  by  boiling. 

FELT  SPAR.  An  hard  done  of  the  filiceous  clafs,  called  likewife  Scintillat- 
ing Spar,  Fufible  Spar,  and  Rhombic  Quartz.  It  is  generally  opake,  white,  red, 
yellow,  brown,  green,  violet,  or  iridefcent ; fometimes  crydallized  in  rhombic, 
cubic,  or  parallelopipedal  forms,  and  often  irregular.  Its  texture,  diough  clofe,  is 
lamellated,  and  it  breaks  like  fpar.  Its  fpecific  gravity  is  from  2400  to  2600  ; its 
hardnefs  fufficient  to  give  fire  with  the  deel,  though  it  is  lefs  than  that  of  quartz. 

Kirwan  affures  us  that  it  is  more  fufible  without  addition  than  the  duors,  and 
forms  a whitifh  glafs  which  does  not  a<d  on  the  crucibles.  Borax  and  micro- 
cofinic  fait  diffolve  it  totally  in  the  dry  way  without  effervefcence,  but  it  does 
not  eafily  combine  with  fixed  alkalis.  The  crydallized  fort  decrepitates  in  the 
fire. 

It  never  conditutes  veins  or  drata,  but  is  either  found  in  loofe  matfes  at  mod 
two  inches  long,  or  mixed  with  fand  or  clay,  or  embodied  in  other  dones,  as 
granites. 

One  hundred  parts  of  the  white  contain  about  67  of  filiceous  earth,  14  of 
argillaceous,  1 1 of  ponderous,  and  8 of  magnefia. 

Mr.  Kirwan  fays,  that  this  is  undoubtedly  the  petuntfe  made  ufe  of  by  the 
Saxons  in  their  porcelain  manufactories. 

The  Labrador  done  is  a beautiful  fpecies  of  this  done,  exhibiting  a variety  of 
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colours  according  to  the  portion  of  the  eye  of  the  obferver,  and  the  direction  of 
the  light  which  falls  upon  it. 

FERMENT.  Oc Fermentation. 

FERMENTATION.  This  word  was  formerly  ufed  in  a very  undefined 
and  general  fenfe,  to  denote  every  change  undergone  by  organized  fubftances, 
of  which  the  caufe  was  not  apparent ; fuch  as  chemifts  are  apt  to  call  by  the 
name  of  fpontaneous  changes.  But  it  is  at  prefent  confined  almoft  exclufively  to 
the  changes  which  faccharine  matters  undergo  in  certain  fituations  of  temperature 
and  moifture.  The  putrefaction  of  animal  bodies  is  likewife  not  unfrequently 
termed  the  putrefa&ive  fermentation  ; though  it  would  be  perhaps  more  ufcful  to 
confine  this  word  to  faccharine  matter. 

Fermentation  has  been  diftinguilbed  into  three  ftagesr  the  vinous  or  fpiritous, 
the  acid  or  acetous,  and  the  putrid  or  putrefactive  ; which  are  fo  called  from  the 
principal  products  afforded  during  each  of  them  refpeCtively.  It  is  afcertained 
almoft  beyond  a doubt,  that  the  vinous  fermentation  takes  place  only  in  fuch  bo- 
dies  as  contain  faccharine  juices.  In  this  the  moft  remarkable  produCt  is  that 
volatile,  light,  colourlefs,  inflammable  fluid  which  mixes  with  water  in  all  pro- 
portions, and  is  called  ardent  f'pirit.  The  acetous  fermentation  is  diftinguifhed 
by  the  produCt  known  by  the  name  of  vinegar,  which  is  the  leaft  deftruCtible  of 
the  mere  vegetable  acids.  It  does, not  appear,  however,  that  fermentation  is  ab- 
solutely neceffary  for  the  production  of  this  acid,  which  may  be  had  by  treat- 
ing various  organized  bodies  with  nitrous  acid.  In  the  putrid  fermentation 
thefe  bodies  appear  to  be  reduced  into,  very  fimple  principles.  Volatile  alkali, 
is  the  produCt  which  has  been  remarked  as  the  chief  in  this  procefs,  and  is 
doubtlefs  produced  by  the  combination  of  inflammable  and  phlogifticated  air, 
which  fly  off  in  this  procefs.  It  may  alfo  be  had  in  a variety  of  direCt  chemical 
proceffes.— Alkali,  volatile. 

The  acetous  like  the  vinous  fermentation  is  confined  to  vegetable  fubftances  ; 
but  the  putrefactive  procefs  is  moft  eminently  perceived  in  animal  bodies.  Thefe 
either  putrefy  immediately  without  any  other  previous  change,  or,  if  the  putre- 
faction be  preceded  by  either  of  the  other  ftages,  their  duration  and  intenfity 
are  infenflble.  It  is  confidered  as  an  eftablifhed  faCt,  that  the  three  frages  of 
fermentation  always  follow  each  other  in  the  fame  order  in  fuch  bodies  as  are 
fufceptible  of  them  all ; the  vinous  coming  firft,  which  is  followed  by  the  acetous; 
and  putrefactive  procefles. 

Thefe  fpontaneous  effeCts  are  greatly  retarded  by  extreme  cold,  or  by  fuddein 
deficcation,  or  by  prefervation  of  the  bodies  in  veffels  fo  well  clofed  as  to  pre- 
vent the  efcape  or  abforption  of  elaftic  fluid.  The  two  firft  of  thefe  neceffarily 
retard  the  chemical  proceffes,  by  depriving  the  parts  of  the  requifite  fluidity  ; and. 
it  may  without  difficulty  be  underftood,  that  the  changes  of  combination  cannot 
by  any  means  be  completely  made,  while  the  communication  with  the  open  aiiy 
the  great  receptacle  and  folvent  of  volatile  matter,  and  one  of  the  chief  agents  in 
the  great  operations  of  nature,  is  cut  off. 

The  three  conditions  for  the  due  accomplifhment  of  fermentation  will  there- 
fore be,  fluidity,  or  moifture ; moderate  heat,  or  a xlue  temperature ; and  the 
accefs  of  air.  It  will  of  courfebe  modified  alfo  by  the  component  parts  of  the: 
&ody  itfelff. 
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As  the  vinous  fermentation  has  neve^  been  found  to  take  place  where  fugar 
was  not  prefent,  it  appears  the  moft  Ample  toconfider  what  happens  when  mere 
fugar  and  water  in  due  proportions  are  expofed  to  fermentation.  If  a confider- 
able  quantity  of  water,  holding  in  folution  about  one-third  of  its  weight  of  fugar, 
be  expofed  to  the  air,  at  the  temperature  of  about  70  degrees  of  Fahrenheit’s 
thermometer,  after  the  addition  of  a fmall  quantity  of yeaft,  it  foon  undergoes  a 
remarkable  change.  In  the  courfe  of  a few  hours  the  fluid  becomes  turbid  and 
frothy;  bubbles  oFfixed  air  are  difengaged,  which  rife  and  break  at  the  fur- 
face.  This  difengagement  becomes  more  and  more  abundant ; mucilage  is  fe- 
parated  ; part  of  which  fubfides  to  the  bottom,  and  part,  expanded  into  froth  by 
the  elaftic  fluid,  forms  yeaft.  During  the  courfe  of  feveral  days  thefe  effects 
gradually  come  to  their  height,  and  diminifti  again  ; after  which  they  proceed  very 
flowly,  but  are  long  before  they  entirely  ceafe.  The  fermented  liquor  has  no 
longer  the  fweet  tafte  it  had  before  ; but  becomes  brifk  and  lively,  with  a pun- 
gent fpirituous  flavour*  Its  fpecific  gravity  is  likewife  confiderably  lefts  than  be- 
fore ; and  when  expofed  to  diftillation,  it  affords  a light  inflammable  fpirit  mif- 
cible  with  water  in  all  proportions.  The  quantity  of  ardent  fpirit  which  any  fer- 
mented liquor  will  produce,  is  thought  to  follow  fome  proportion  of  the  change 
its  fpecific  gravity  undergoes  in  fermentation  ; but  the  truth  of  this  has  not  been 
clearly  afcertained.  Wine,  cyder,  and  beer  are  well-known  liquors  of  this  kind. 

When  it  is  required  to  preferve  fermented  liquors  in  the  ftate  produced  by  the 
firfi  ftage  of  fermentation,  it  is  ufual  to  put  them  into  caflcs  before  the  vinous 
procefs  is  completely  ended  ; and  in.  thefe  clofed  velfels  a change  very  flowly 
continues  to  be  made  for  many  months,  and  perhaps  for  fome  years. 

But  if  the  fermentative  procefs  be  fuffered  to  proceed  in  open  velfels,  more 
efpecially  if  the  temperature  be  raifed  to  90  degrees,  the  acetous  fermentation, 
comes  on.  In  this  the  vital  air  of  the  atmofphere  is  abfocbed ; and  the  more 
fpeedily  in  proportion  as  the  furfaces  of  the  liquor  are  often  changed  by  lading 
it  from  one  veffel  to  another.  The  ufual  method  confifts  in  expofing  the  fer- 
mented liquor  to  the  air  in  open  calks,  whofe  aperture  at  the  bung  is  covered 
with  a tile  to  prevent  tire  entrance  of  the  rain.  By  the  abforption  of  vital  air 
which  takes  place,  the  inflammable  fpirit  becomes  converted  into  an  acid.  If  the 
liquid  be  then  expofed  to  diftillation,  pure  vinegar  comes  over  inftead  of  ardent 
fpirit. 

When  the  fpontaneous  decompofition  is  fuffered  to  proceed  beyond  the  acetous 
procefs,  the  vinegar  becomes  vifcid  and  foul ; air  is  emitted  with  an  offenfive 
fmell ; volatile  alkali  flies  off ; an  earthy  fediment  is  depofited  ; and  the  re- 
maining liquid,  if  any,  is  mere  water.  This  is  the  putreftuftive  procefs. 

Modern  difcoveries  have  greatly  elucidated  the  phenomena  of  fermentation  • 
but  much  ftill  remains  to  be  accurately  determined  concerning  the  proceftes,  the 
products,  and  their  proportions.  It  is  not  clearly  afcertained  what  the  yeaft  or 
ferment  performs  in  this  operation..  It  feems  probable,  that  the  fermenta- 
tive procefs  in  confiderable  maffes  would  be  carried  on  progreflively  from  the 
furface  downwards  ; and  would,  perhaps,  be  completed  in  one  part  before  it 
had  perfe&ly  commenced  in  another,  if  the  yeaft,  which  is  already  in  a ftate  of 
fermentation,  did  not  caufe  the  procefs  to  begin  in  every  part  at  once.  See 
Bread,  Putrefaction,  Tartar,  Sp irit  ardent,  Wine,  Vinegar,  Ve- 
getable Kingdom. 
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r FILTRATION.  An  operation,  by  means  of  which  the  greatefl  part  of 
a fluid  is  mechanically  feparated  from  fuch  confiflent  particles  as  may  be  merely 
mixed  with  it.  It  does  not  differ  from  ftraining. 

An  apparatus  fitted  up  for  this  purpofe  is  called  a filter.  The  form  of  this  is 
various,  according  to  the  intention  of  the  operator.  A piece  of  tow,  or  wool, 
or  cotton,  fluffed  into  the  pipe  of  a funnel,  will  prevent  the  paffage  of  groffer 
particles,  and  by  that  means  render  the  fluid  clearer  which  comes  through. 
Spunge  is  flill  more  effedtual.  A flripe  of  linen  rag  wetted  and  hung  over  the 
fide  of  a veffel  containing  a fluid,  in  fuch  a manner  as  that  one  end  of  the  rag 
may  be  immerfed  in  the  fluid,  and  the  other  end  may  remain  without,  below 
the  furface,  will  adl  as  a fyphon,  and  carry  over  the  clearer  portion.  Linen  or 
woollen  fluffs  may  either  be  faflened  over  the  mouths  of  proper  veffels,  or  fixed 
to  a frame,  like  a fleve,  for  the  purpofe  of  filtering.  All  thefe  are  more  com- 
monly ufed  by  cooks  and  apothecaries  than  by  phiiofophical  chemifls,  who,  for 
the  mofl  part,  ufe  the  paper  called  cap  paper,  made  up  without  fize. 

As  the  filtration  of  confiderable  quantities  of  fluid  could  not  be  effected  at 
once  without  breaking  the  filter  of  paper,  it  is  found  requifite  to  ufe  a linen 
cloth,  upon  which  the  paper  is  applied  and  fupported. 

Precipitates  and  other  pulverulent  matters  are  colledled  more  fpeedily  by  fil- 
tration than  by  fubfidence.  But  there  are  many  chemifls  who  difclaim  the  ufe  of 
this  method,  and  avail  themfelves  of  the  latter  only,  which  is  certainly  more  ac- 
curate, and  liable  to  no  objedtion  where  the  powders  are  fuch  as  will  admit 
of  edulcoration  and  drying  in  the  open  air. 

FIRE.  The  word  heat  has  been  ufed  with  fo  much  precifion  by  Dodtors  Black, 
Irvine,  Crawford,  and  others,  that  the  word  fire  feems  to  have  been  rendered  of 
little  ufe,  except  to  denote  a mafs  of  matter  in  a flate  of  combuflion,  which  is, 
indeed,  its  vulgar  acceptation.  The  term  has,  however,  been  ufed  by  many 
eminent  writers,  to  denote  what  thefe  great  philofophers  call  the  matter  of  heat. 
- — For  which  fee  the  article  Heat. 

FISH.  It  appears  from  the  experiments  of  Neumann,  that  fifh  afford  more 
volatile  alkali  by  deflrudtive  diflillation  than  the  flefh  of  land  animals  does. 
Lobflers  and  other  fhell  fifh  have  been  thought  to  contain  a difengaged  alkali  j 
but  this  may  with  juflice  be  doubted. 

FIXITY.  The  property  by  which  bodies  refill  the  adtion  of  heat,  fo  as  not 
to  rife  in  vapour.  It  is  the  oppofxte  to  volatility.  The  fixity  of  bodies  appears 
to  be  merely  relative,  and  depends  on  the  temperature  at  which  they  aflume  the 
elaflic  flate  or  form.  Such  bodies  as  aflume  this  flate  at  a low  temperature  will 
eafily  rife  ; whereas  thofe  which  cannot  be  fo  dilated  but  at  an  extreme  heat, 
will  remain  fixed  in  all  ordinary  fituations.  From  the  analogy  of  a variety  of 
fadts,  it  does  notfeem  probable  that  any  fubflances  are  abfolutely  fixed. 

Fixed  bodies  are,  for  the  moft  part,  denfer  than  thofe  which  are  more  volatile. 
The  planets  nearefl  the  fun  are  alfo  found  to  be  denfer  than  thofe  which  are  more 
remote,  and  are  certainly  formed  of  more  fixed  materials,  as  far  as  our  experi- 
ments of  heat  on  the  folids  and  fluids  of  this  globe  can  aflure  us. 

FLAME.  Newton  and  others  have  confidered  flame  as  an  ignited  vapour, 
or  red  hot  fmoke.  This,  in  a certain  fenfe,  may  be  true,  but,  no  doubt,  con- 
tains an  inaccurate  comparifon.  Simple  ignition  never  exceeds  in  intenfity  of 
light  the  body  by  contadl  of  which  it  was  produced.  But  it  appears  to  be  well 
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afcertained,  that  flame  always  confifts  of  volatile  inflammable  matter  in  the  aft  of 
combuftion  and  combination  with  the  vital  part  of  the  atmofphere.  Many  me- 
tallic fubftances  are  volatilized  by  heat,  and  bum  with  a flame  by  the  contaft 
of  the  air  in  this  rare  ftate.  Sulphur,  phofphorus,  and  fome  other  bafes  of  acids 
exhibit  the  fame  phenomenon.  But  the  flames  of  organized  fubflances  are  in 
general  produced  by  the  extrication  and  accenfion  of  inflammable  air  with  more 
or  lefs  of  charOoal.  When  the  circumflances  are  not  favourable  to  the  perfeft 
combuftion  of  thefe  produfts,  a portion  of  the  coal  paffes  through  the  luminous^ 
current  unburned,  and  forms  fmoke.  Soot  is  the  condenfed  matter  of  fmoke. 

As  the  artificial  light  of  lamps  and  candles  is  afforded  by  the  flame  they  ex- 
hibit, it  feems  a matter  of  confiderable  importance  to  fociety  to  afeertain  how  the 
moft  luminous  flame  may  be  produced  with  the  leaft  confumption  of  combuftible 
matter.  There  does  not  appear  to  be  any  danger  of  error  in  concluding  that 
the  light  emitted  will  be  greateft  when  the  matter  is  completely  confumed 
in  the  fhorteft  time.  It  is  therefore  neceffary  that  a ftream  of  volatilized 
combuftible  matter  of  a proper  figure,  at  a very  elevated  temperature,  fhould 
pafs  into  the  atmofphere  with  a certain  determinate  velocity.  If  the  figure 
of  this  ftream  Ihould  not  be  duly  proportioned  j that  is  to  fay,  if  it  be  too  thick, 
its  internal  parts  will  not  be  completely  burned  for  want  of  contaft  with  the  air. 
If  its  temperature  be  below  that  of  ignition,  it  will  not  burn  when  it  comes  into 
the  open  air.  And  there  is  a certain  velocity  at  which  the  quantity  of  atmofphe- 
rical  air  which  comes  in  contaft  with  the  vapour  will  be  neither  too  great  nor  too 
fmall ; for  too  much  air  will  diminifh  the  temperature  of  the  ftream  of  com- 
feuftible  matter  fo  much  as  very  confiderably  to  impede  the  defired  effeft,  and 
too  little  will  render  the  combuftion  languid. 

We  have  an  example  of  a flame  too  large  in  the  mouths  of  the  chimneys  of 
furnaces,  where  the  luminous  part  is  merely  fuperficial,  or  of  the  thicknefs  of 
about  an  inch  or  two,  according  to  circumflances,  and  the  internal  part,  though 
hot,  will  not  fet  fire  to  paper  paffed  into  it  through  an  iron  tube ; the  fame  defeft 
of  air  preventing  the  combuftion  of  the  paper  as  prevented  the  interior  fluid 
itfelf  from  burning.  And  in  the  lamp  of  Argand  we  fee  the  advantage  of  an 
internal  current  of  air,  which  renders  the  combuftion  perfeft  by  the  application 
of  air  on  both  fides  of  a thin  flame.  So  likewife  a fmall  flame  is  whiter  and  more 
luminous  than  a larger;  and  a Ihort  fnuff  of  a candle  giving  out  lefs  combuftible 
matter  in  proportion  to  the  circumambient  air,  the  quantity  of  light  becomes  in- 
creafed  to  eight  or  ten  times  what  a long  fnuff  would  have  afforded. 

FLINT.  A femi-tranfparent  hard  ftone,  of  the  filiceous  order,  of  a greyifh, 
black,  or  yellowilh  colour,  well  known  for  its  general  utility  in  giving  fire  with 
the  fteel.  It  is  commonly  found  in  nodules,  in  beds  of  chalk  or  fand,  and  fre- 
quently exhibits  indications  of  its  having  been  in  a fofr  ftate.  Some  fpecimens 
are  hollow,  and  internally  lined  with  filiceous  cryftals.  By  long  expofure  on  the 
furface  of  the  ground,  they  gradually  become  white  on  their  upper  furfacefirft,. 
and  afterwards  all  over.  This  whitenefs,  in  procefs  of  time,  penetrates  into 
the  fubftance  of  the  flint,  forming  a cruft  fometimes  one- twentieth  of  an  inch 
thick,  which  may  be  feraped  with  a knife.  It  has  been  faid  that  this  is  a con- 
verfion  of  flint  into  calcareous  earth  ; but  I know  of  no  proof  of  the  faft ; and  as 
this  white  matter  does  not  appear  to  be  affefted  by  nitrous  acid,  I am  inclined  to 
think  that  the  flint  is  merely  fluttered  by  the  weather  in-  a manner  fomewhat 
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analogous  to  the  effeCt  of  ignition  and  quenching  in  water,  which  renders  it 
white  and  friable. 

Weigleb  found  the  common  flint  to  contain  80  parts  in  the  100  filex,  18  clay, 
and  2 lime.  It  is  ufed  in  making  glafs  and  pottery. 

A folution  of  filiceous  earth,  made  by  fufing  flints  with  a large  proportion  of 
fixed  alkali,  and  diffolving  the  mafs  in  water,  is  called  liquor  of  flints. 

FLOOR.  The  lower  part  of  a mine  is  called  the  floor,  and  the  upper  the 
roof. 

FLOUR.  The  powder  of  the  gramineous  feeds.  Its  ufe  as  food  is  well 
known.  See  Bread. 

FLOWERS.  A general  appellation  {fill  retained  from  the  elder  chemifts,  and 
ufed  to  denote  all  fuch  bodies  as  have  received  a pulverulent  form  by  fublima- 
tion.  Thus  we  have  the  flowers  of  antimony,  of  arfenic,  of  benzoin,  of  fa.l-arn- 
moniac,  of  fulphur,  of  zinc,  &c.  which  may  be  refpeCtively  confulted. 

FLOWERS  OF  VEGETABLES.  Dr.  Lewis,  in  his  notes  on  Neumann’s  Che- 
miftry,  gives  a curfory  account  of  many  experiments  made  with  a view  to  afcer- 
tain  how  far  the  colour  of  vegetable  flowers  might  prove  of  ufe  to  the  dyer.  He 
found  very  few  capable  of  being  applied  to  very  valuable  purpofes.  Many  of 
the  blue  flowers  gave  out  their  colour  to  water,  but  none  that  he  tried  gave  a 
blue  tinge  to  ardent  fjpirit.  No  preparation  offered  itfelf  with  blue  flowers,  but 
the  green  lake  afforded  by  adding  lime  water  to  the  aqueous  infufion.  The  red 
flowers  gave,  in  general,  their  colour  to  water,  but  it  was  perifhable;  and  his  other 
experiments  with  thefe  were  not  more  productive  of  advantage  than  thofe  upon 
the  blue.  Yellow  flowers,  whether  pale  or  deep,  afforded  a colour  in  general 
durable.  Water  and  ardent  fpirit  both  extracted  it.  Neither  acids  npr  alkalis 
were  found  to  change  its  fpecies,  though  they  varied  the  fhade  ; the  acids  render- 
ing it  paler,  and  the  alkalis  deeper.  White  flowers  afforded  a green  tinCture 
with  alkalis ; but  whether  of  value  or  not  the  DoCtor  does  not  fay. 

FLUIDITY.  The  flate  of  bodies  when  their  parts  are  very  readily  moveable 
in  all  directions  with  refpeCt  to  each  other.  Many  ufeful  and  curious  properties 
arife  out  of  this  modification  of  matter,  which  form  the  balls  of  the  mechani- 
cal fcience  called  hydroftatics,  and  are  of  confiderable  importance  in  chemiftry. 
But  the  attention  of  the  chemift  is  chiefly  directed  to  the  flate  of  fluidity  as  it 
may  affeCt  the  component  parts  of  bodies. 

A folid  body  may  be  converted  into  a fluid  by  heat.  The  lefs  the  tempera- 
ture at  which  this  is  effected,  the  more  fufible  the  body  is  faid  to  be. 

All  fluids,  not  excepting  the  fixed  metals,  appear,  from  various  faCts,  to  be 
difpofed  to  affume  the  elaftic  form,  and  that  the  more  readily  the  higher  the 
temperature.  When  a fluid  is  heated  to  fuch  a degree  as  that  its.  eiafticity  is 
equal  to  the  preffure  of  the  air,  its  interior  parts  rife  up  with  ebullition. 

The  capacity  of  a denfe  fluid  for  heat  is  greater  than  that  of  the  fame  body 
when  folid,  but  lefs  than  when  in  the  elaftic  ftate.  If  this  were  not  the  cafe,  the 
aflumption  of  the  fluid  and  elaftic  ftate  would  be  fcarcely  at  all  progreflive,  but 
effected  in  moft  cafes  inftantly  as  to  fenfe.  See  Heat. 

The  ftate  of  denfe  fluidity  appears  to  be  more  favourable  to  chemical  combina- 
tion than  either  the  folid  or  elaftic  ftate.  In  the  folid  ftate,  the  cohefive  attrac- 
tion prevents  the  parts  from  obeying  their  chemical  tendencies,  and  in  the  elaftic 
ftate  the  repulfion  between  the  parts  has  in  a great  meafure  the  fame  effects.  Hence 
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lias  been  confidered,  though  too  haftily,  as  a chemical  axiom,  that  corpora  non 
agunt  nifi  fluida. 

FLUOR.  This  word  has  been  ufed  to  diftinguifh  fuch  bodies  as  are  for  the 
moll  part  fluid  in  the  temperature  of  the  atmofphere.  Thus,  for  example,  the 
fluor  acids,  the  floor  volatile  alkali,  are  terms  fometimes  ufed  ; but  in  general  the 
writers  on  chemiftry  have  not  adopted  this  word. 

FLUOR  SPAR.  This  fpar  is  found  of  different  colours,  white,  'yellow, 
green,  reddilh,  purple,  brown,  or  colourlefs,  more  or  lefs  tranfparent,  and  ferv- 
ing  as  the  matrix  for  the  ores  it  envelops.  Its  texture  is  fparry,  or  irregularly 
lhattered,  and  its  figure,  when  regular,  cubical.  Its  hardnefs  is  not  fufiicient  to 
give  fire  with  Heel.  Acids  do  not  efFervefce  with  it,  nor  dilfolve  it,  unlefs 
when  decompofition  takes  place.  Heat  caufes  it  to  decrepitate  ; but  it  neither 
forms  lime, plafter, nor  the Bolognian  phofphorus,  by  calcination.  When  it  is  placed 
in  contaft  with  a body  confiderably  heated,  though  not  ignited,  it  emits  a phof- 
phoric  light ; but  this  experiment  can  fcarcely  be  twice  repeated  with  the  fame 
particles  of  the  fpar.  A llrong  heat  fufes  it  without  addition,  when  it  is  found  to 
aft  powerfully  on  the  crucible,  by  virtue  of  its  property  of  rendering  argillaceous 
and  other  earths  more  fufible.  Its  ufe  as  a flux  in  mine  works  has  caufed 
it  to  be  called  fluor  or  flux  fpar.  All  the  three  fluxes  ufed  with  the  blow-pipe 
diflolve  it  without  effervefcence.  It  confifts  of  lime  united  to  a peculiar  acid. — 
See  Acid  of  Fluor.  The  blue  fluors  derive  their  colour  mollly  from  iron, 
but  fometimes  from  cobalt.  Moll  fluors,  according  to  Kirwan,  contain  a mix- 
ture of  argillaceous  and  liliceous  earths,  and  fome  marine  acid. 

FLUX.  A general  term  made  ufe  of  to  denote  any  fubftance  or  mixture 
added  to  aflifi:  the  fulion  of  minerals.  In  the  large  way,  lime-llone  or  fufible 
Fpar  are  ufed  as  fluxes ; but  in  fmall  aflays,  the  method  of  the  great  operations  is 
not  always  followed,  though  it  would  be  very  frequently  of  advantage  to  do  fo. 
The  fluxes  made  ufe  of  in  aflays  or  philofophical  experiments  confift  ufually  of 
alkalis,  which  render  the  earthy  mixtures  fufible,  by  converting  them  into  glafs, 
or  elfe  glafs  itfelf  in  powder. 

Alkaline  fluxes  are  either  the  crude  flux,  the  white  flux,  or  the  black  flux. 
Crude  flux  is  a mixture  of  nitre  and  tartar,  which  is  put  into  the  crucible  with 
the  mineral  intended  to  be  fufed.  The  detonation  of  the  nitre  with  the  inflam- 
mable matter  of  the  tartar  is  of  fervice  in  fome  operations;  though  generally  it  is 
attended  with  inconvenience  on  account  of  the  fwelling  of  the  materials,  which 
may  throw  them  out  of  the  veflel,  if  proper  care  be  not  taken  either  to  throw  in 
only  a little  of  the  mixture  at  a time,  or  to  provide  a large  veflel. 

White  flux  is  formed  by  projefting  equal  parts  of  a mixture  of  nitre  and 
tartar,  by  moderate  portions  at  a time,  into  an  ignited  crucible.  In  the  deto- 
nation which  enfues,  the  nitrous  acid  is  decompofed,  and  flies  off  with  the  vege- 
table acid,  and  the  remainder  confifts  of  the  vegetable  alkali  in  a ftate  of  con- 
flderable  purity.  This  has  been  called  fixed  nitre. 

Black  flux  differs  from  the  preceding,  in  the  proportion  of  its  ingredients.  In 
this  the  weight  of  the  tartar  is  double  that  of  the  nitre  ; on  which  account  the 
combuftion  is  incomplete,  and  a confiderable  portion  of  the  acid  and  tartar  is 
decompofed  by  the  merO  heat,  and  leaves  a quantity  of  coal  behind,  on  which 
the  black  colour  depends.  It  is  u-fed  where  metallic  ores  are  intended  to  be 
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reduced,  and  effects  this  purpofe  either  by  fupplying  the  metal  with  phlogifton, 
or  rather  by  combining  with  the  vital  air  of  the  calx.— Calcination.  * 

There  is  danger  of  lofs  in  the  treatment  of  fulphureous  ores  with  alkaline 
fluxes : for,  though  much  or  the  greateft  part  of  the  fulphur  may  be  diflipated  by 
roafting,  yet  that  which  remains  will  form  an  hepar  with  the  alkali,  which  is  a molt 
powerful  folvent  of  metallic  bodies.  The  advantage  of  Mr.  Morveau’s  reducino- 
a flux  feems  to  depend  on  its  containing  no  uncombined  alkali.  It  is  made  oi 
eight  parts  of  pulverized  glafs,  one  of  calcined  borax,  and  half  a part  of  powder 
of  charcoal.  Care  mult  be  taken  to  ufe  a glafs  which  contains  no  lead.  The 
white  glades  contain  in  general  a large  proportion,  and  the  green  bottle  glaffes 
are  not  perhaps  entirely  free  from  it. 

FORGE  FURNACE.  The  forge  furnace  confifts  of  an  hearth,  upon  which 
a fire  may  be  made,  and  urged  by  the  a&ion  of  a large  pair  of  double  bellows, 
whofe  nozzle  is  inferted  through  a wall  or  parapet  conftrudted  for  that  purpofe. 
It  is  ufeful  for  applying  a confiderable  heat  with  great  expedition,  and  is  accord- 
ingly very  much  ufed  by  blackfmiths  and  other  artifans.  The  philofophical 
ehemifl  will  find  it  very  ufeful  for  fufions,  reductions,  and  moft  other  experi- 
ments that  require  a flrong  heat,  efpecially  if  the  veffels  be  very  fmall.  Black, 
lead  pots,  or  fmall  furnaces  of  every  defired  form,  may  be  placed  as  occafions 
require  upon  the  hearth ; and  the  tube  of  the  bellows  being  inferted  into  a hole 
in  the  bottom  of  the  furnace,  it  becomes  eafy  to  urge  the  heat  to  almoft  any  de- 
gree required. 

Mr.  Wedgwood  found  the  heat  of  a common  fmith’s  forge  (I  fuppofe  with- 
out any  addition  to  the  fire-place)  to  be  lefs  than  that  required  for  the  fufion  of 
caft  iron,  and  confiderably  below  that  of  his  fmall  air  furnace. 

A principal  obje&ion  to  this  and  every  other  furnace  with  bellows,  is  the  la- 
bour of  working  them. 

FRITT.  The  materials  of  glafs  are  firft  mixed  together,  and  then  expofed 
to  calcination  by  a degree  of  hear  not  fufficient  to  melt  them.  The  mafs  is  then 
called  fritt.  The  calcination  deprives  it  of  any  accidental  combuftible  matter 
it  might  have  contained,  and  difpofes  it  to  fufion  in  the  melting-pot  with  lefs 
efFervefcence  than  would  elfe  have  taken, place. 

FRUITS  OF  VEGETABLES.  In  Dr.  Lewis’s  examination  of  the  colour- 
ing matters  of  vegetable  fruits,  he  found  that  the  red  juices  of  fruits  did  not 
afford  a permanent  dye  by  any  treatment  he  ufed.  The  dark  dull  ftain  of  the 
black  cherry  proved  confiderably  durable.  Sap  Green  is  prepared  from  the 
berries  of  buckthorn,  and  Annotto  is  obtained  from  the  pellicles  of  the  feeds  of 
an  American  tree.  See  the  words. 

FULIGINOUS.  Vapours  which  poffefs  the  property  of  lmoke,  namely 
opacity,  and  the  difpofition  to  apply  themfelves  to  furrounding  bodies  in  the 
form  of  a dark-coloured  powder. 

FULMINATING  and  FULMINATION.  In  a variety  of  mercurial 
combinations,  it  happens,  that  one  or  more  of  the  principles  affnme  the  elaftic 
ftate  with  fuch  rapacity,  that  the  ftroke  againft  the  difplaced  air  produces  a loud: 
noife.  This  is  called  Elimination,  or  much  more  commonly  detonation. 

Fulminating  gold,  and  fulminating  powder,  are  the  moft  common  fubftancesof 
this  kind,,  except  gunpowder.  For  the  former  and  latter  of  thefe,  fee  the  articles 
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■Gold  and  Gunpowder.  The  fulminating  powder  is  made  by  triturating  in  a 
warm  mortar  three  parts  by  weight  of  nitre,  two  of  mild  vegetable  alkali,  and' 
one  of  flowers  of  fulphur.  Its  effeds,  when  fufed  in  a ladle,  and  then  fet  on  fire, 
are  very  great.  The  whole  of  the  melted  fluid  explodes  with  an  intolerable  noife; 
and  the  ladle  is  commonly  disfigured,  as  if  it  had  received  a ftrong  blow  down- 
wards. A dram  of  the  powder  makes  a report  'as  loud  as  a cannon  ; but  the 
noife  of  a few  grains,  or  Angle  pinch  taken  between  the  finger  and  thumb,  is 
very  unpleafant  in  a room.  It  has  very  little  effed,  unlefs  firft  melted.  A mix- 
ture of  liver  of  fulphur,  with  twice  its  weight  of  nitre,  produces  the  fame  ex- 
plofion,  though  in  lefs  time  : whence  it  appears,  that  the  alkali  and  fulphur  of 
the  former  compofition  form  a liver  of  fulphur;  and  that  the  explofion,  in  all 
probability,  arifes  from  the  fudden  extrication  of  hepatic  air  from  the  liver  of 
fulphur,  and  vital  air  from  the  nitre,  which  burn  the  inftant  they  are  formed. 

FURNACE.  See  Apparatus. 

FUSIBILITY.  That  property  by  which  bodies  affume  the  fluid  ftate.  Such 
bodies  as  require  a low  heat  for  this  purpofe,  are  faid  to  be  more  fufible  than 
others  which  require  a higher  temperature  to  produce  the  fame  effed.  Bodies 
vary  greatly  in  their  fufibility.  No  experiments  have  yet  been  made  to  indicate 
the  caufe  of  thefe  differences.-  The  hardnefs,  foftnefs,  brittlenefs,  flexibility, 
malleability,  tranfparency,  opacity,  and,  in  a word,  all  the  other  obvious  qualities, 
may,  for  any  thing  we  know,  be  alike  in  two  bodies,  which  will  neverthelefs  differ 
greatly  in  the  temperature  of  their  fufions. 

Some  chemifts  have  afferted,  that  fufion  is  Amply  a folution  in  fire,  or  the 
matter  of  heat : but  this  opinion  includes  too  many  yet  undecided  queftions  to 
be  haftily  adopted.  See  Fluidity. 

FUSION.  The  ad  of  fufing.  Alfo  the  Hate  of  a fufed  body. 
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GALANGAL.  The  greater  galangal  is  an  Eaft  Indian  knotty  root,  with 
feveral  circles  on  the  furface,  of  a reddilh  brown  colour  on  the  outfidc, 
and  a yellowilh  white  within,  which  greatly  refembles  ginger  in  its  fmell,  tafte, 
and  chemical  compofition ; but  as  ginger  is  the  mod  grateful  of  the  two,  the 
galangal  is  fcarcely  ever  ufed. 

The  fmaller  galangal,  which  is  knotty,  and  marked  with  circular  ftrke  like 
the  other,  commonly  about  the  Aze  of  the  little  finger,  and  of  a brown  colour 
both  externally  and  internally,  is  in  fmell  ftronger  and  more  agreeable  than  the 
large,  and  in  tafte  more  pungent  and  hot,  like  pepper.  It  contains  but  a fmall 
proportion  of  oil : fixteen  ounces  afforded  fcarcely  two  fcruples ; though,  pro- 
bably, if  confiderable  quantities  were  diftilled  at  once,  and  the  diftilled  water  of 
one  operation  employed  inftead  of  frefti  water  in  the  next,  the  yield  upon  the 
pound  would  be  greater.  The  oil  is  lefs  agreeable  in  fmell  than  the  galangal  itfelf, 
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and  wants  its  pungency,  which  of  confequence  remains  in  the  extract.  Very 
little  of  the  oil  arifes  with  re&ified  fpirit : the  fpirit  diftilled  even  from  a large- 
quantity  of  the  root  has  fearcely  any  tafte  or  fmell.  With  regard  to  the  extra&s,.. 
the  watery  is  rather  more  pungent  than  the  fpiritous ; but  the  former  have  no- 
thing of  the  peculiar  flavour  of  the  galangal,  greateft  part  of  which  is  retained  in 
the  latter.  Sixteen  ounces  yielded  with  water  fix  ounces,  and  afterwards  with 
fpirit  four  drams  and  two  fcruples : fpirit  applied  at  firft  extracted  an  ounce  and 
a half  from  fixteen,  and  water  extra&ed  afterwards  five  ounces.  Neumann. 

GALBANUM  exudes  from  an  umbelliferous  plant,  with  leaves  like  thofe  of: 
anife,  growing.in  the  Eaft  Indies,  but  moft  plentifully  in  Syria  and  Arabia,  called 
by  Tournefort,  Oreofelinum  Africanum,  Galbaniferum  frutefcens,  anifi  folio.  This 
juice  comes  over  in  maffes,  compofed  of  white,  yellowilh,  brownifh  yellow,  and 
brown  , tears,  unduous  to  the  touch,  foftening  betwixt  the  fingers,  of  a bitterilh, 
fomewhat  acrid,  difagreeable  tafte,  and  a very  ftrong  fmell,  generally  full  of  bits 
of  ftalks,  leaves,  feeds,  and  other  foreign  matters. 

Galbanum  contains  more  of  a refinous  than  gummy  matter  : one  pound  yields- 
with  redified  fpirit  of  wine  upwards  of  nine  ounces  and  a half  of  refinous  ex-- 
trad ; but  the  gummy  extrad  obtained  by  water  from  the  fame  quantity  amounts- 
only  to  about  three  ounces.  The  refin  is  hard,  brittle,  infipid,  and  inodorous  :: 
the  gummy  extrad  has  fomewhat  of  a naufeous  relifh,  but  could  not  be  dif- 
tinguiihed  to  be  a preparation  of  galbanum.  The  whole  fmell,  flavour  and  fpe-- 
cific  tafte  of  this  juice,  refide  in  an  eflential  oil,  which  arifes  in  diftillation  both, 
with  water  and  fpirit,  and  gives  a ftrong  impregnation  to  both  : from  a pound  of' 
galbanum  are  obtained,  by  diftillation  with  water,  fix  drams  of  adual  oil,  be- 
fides  what  is  retained  by  the  water.  In  this  refped  galbanum  agrees  with  afafcetida, 
and  differs  from  ammoniacum. 

The  volatility  of  the  adive  parts  of  this  juice  renders  the  common  method 
of  purifying  it,  by  folution,  colature,  and  evaporation,  very  injurious  to  it.  The 
fmell  of  the  galbanum  istdiffufed,  during  the  evaporation,  over  the  whole  houfej, 
and  the  infpiffated  matter,  whatever  menftruum  was  employed,  is  found  to  have' 
loft  the  diftinguifhing  qualities  of  the  original  juice.  To  prevent  as  much  as 
poflible  this  inconvenience,  the  folution  fiiould  be  made  in  a diftilling  veffel, . 
and,  after  filtration,  infpiffated  in  the  fame,  fo  long  at  leaft  as  the  liquor  which 
diftils  has  any  fmell  or  tafte  ; after  which,  the  galbanum  may  be  reduced  to  a due.: 
confidence,  by  further  evaporation  in  an  open  veffel,  and  the  oil  which  arifes  in 
the  diftillation  mixed  with  it.  Galbanum  may  likewife  be  purified  fufficiently 
for  inferior  purpofes,  as  plafters,  by  expofing  it  in  winter  to  a ftrong  froft  till  it 
grows  hard,  and  then  pulverizing  and  fifting  it.  The  woody,  ftrawy,  ftony,  and- 
other  like  matters  will  be  retained  in  the  fieve. 

Galbanum,  diftilled  by  a ftrong  fire  without  addition,  yields,  like  other  refinous 
bodies,  a large  portion  of  empyreumatic  oil,  amounting  to  upwards  of  eight 
ounces  upon  fixteen  : it  is  remarkable  of  the  oil  of  galbanum,  that  great  part  of 
it  appears  of  a blue  colour,  fometimes  of  a deep  bright  blue,  fometimes  of  only 
a violet  blue.  The  matter  on  which  the  bluenefs  depends,  appears  to  be  either- 
very  volatile  or  very  changeable  : it  foon  efcapes  or  changes  in  the  air,  leaving,, 
inftead  of  the  blue,  a purple  colour. 

GALENA,  or  The  Black  Ore  of  Lead.  This,  which  is  the  commoneft  of 
all  lead  ores,  and  is  frequently  diftinguifhed  by  the  name  of  potter’s  lead  ore,  is  of 
a dark  blueifh  black  colour,  with  a certain  degree  of  metallic  luftre.  Its  weight 
is  about  feven  or  eight  times  that  of  water  -3  its  figure  ufually  fymmetrical,  being 
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either  cubical,  or  a variety  of  that  figure- ; its  texture  lamellar,  and  its  hardnefs  vari- 
able. The  component  parts  of  galena  are  from  fifteen  to  twenty-five  fulphur,  from 
fixty  to  eighty-five  lead,  and  a variable  quantity  of  lilver,  fcarcely  ever  exceeding 
two  parts  in  the  hundred.  Mineralogifts  affert,  that  the  fmall  grained  galena  con- 
tains the  largeft  portion  of  filver ; but  it  is  not  worth  the  extraction,  if  it  do  not 
contain  one  pound  in  three  thoufand  weight.  Quartz  is  accidentally  mixed  with 
galena;  and  it  fometimes  contains  a very- fmall  portion  of  iron.  The  reduction 
of  galena  may  be  made  by  pulverization,  torrefaction  and  fufion,  with  three  times 
its  weight  of  black  flux.  The  lead  is  obtained  in  a metallic  button  at  the  bottom 
of  the  crucible;  and  its  weight,  compared  with  that  of  the  ore,  fhews  its  com* 
parative  richnefs. 

The  humid  analyfis  of  this  ore  is  made  by  boiling,  the  powder  in  diluted  nitrous 
acid,  which  takes  up  the  metallic  part,  and  leaves  the  fulphur,  the  ftony  matrix, 
and  calx  of  iron,  undiflolved.  Digeftion  in  marine  acid  will  feparate  the  iron 
from  the  refidue ; and  cauftic  fixed  alkali  will  diflolve  the  fulphur.  The  re- 
fiduum,  weighed  before  and  after  the  application  of  the  folvents,  will  (hew  the 
proportion  of  each. 

The  nitrous  folution  will  contain  the  lead  and  filver : this  folution  may  be 
precipitated  by  the  mineral  fixed  alkali,  and  the  precipitate  wafhed  in  cold  wa- 
ter, dried  and  weighed.  After  weighing,  it  muft  again  be  digefted  in  cauftic 
volatile  alkali,- which  will  diflolve  and  take  up  only  the  calx  of  filver:  the  re- 
liduum  being  again  dried  and  weighed,  gives  the  proportion  of  the  calx  of  lead, 
of  which  132  grains  are  equivalent  to  100  in  lead  in  its  metallic  ftate;  and  the 
difference  between  the  weight  of  the  precipitate,  before  and  after  the  application 
of  the  volatile  alkali,  gives  the  quantity  of  the  calx  of  filver,  of  which  129  grains 
are  equivalent  to  100  of  filver  in  its  metallic  form.  See  Lead. 

GALENA,  PSEUDO,  an  ore  of  zinc,  known  in  the  Englilh  mine  countries 
by  the  name  of  black  jack,  or  mock  lead ; its  principal  ingredients  are  about 
half  its  weight  zinc,  one  third  fulphur,  with  iron,  lead,  filiceous  earth,  water,  and 
a fmall  portion  of  arfenic. 

GALL  OF  ANIMALS.  This  humour  is  feparated  in  a large  vifcus  of  the  lower 
belly,  called  the  liver;  it  is  afterwards  depofited  in  a bladder,  or  refervoir,  called 
the  gall-bladder,  from  which  it  is  conveyed  into  the  duodenum  by  a particular, 
channel. 

The  bile  is  glutinous,  or  imperfeiftly  fluid,  like  oil  ; of  a very  bitter  taftev; 
a green  colour  inclining  to  yellow ; and  froths  by  agitation,  like  the  folution 
of  foap. 

If  it  be  diftilled  on  the  water-bath,  it  affords  a phlegm,  which  is  neither  acid 
nor  alkaline,  but  putrefies.  This  phlegm,  according  to  the  obfervat-ion  of  Mr. 
de  Fourcroy,  often  emits  a fmell  refembling  that  of  mufk  : bile  itfelf  has  the 
fame  property,  according  to  the  general  obfervation  of  butchers. . When  the 
bile  has  given  out  all  the  water  it  is  capable  of  affording  upon  the  water- bath, 
the  refidue  is  a dry  extract,  which  attracts  the  humidity  of  the  air,  .is  tenacious, 
pitchy,  and  foluble  in  water.  By  diftillation  in  a retort,  it  affords  ammoniac,  an 
empyreumatic  oil,  concrete  alkali,  and  inflammable  air.  The  coal  is  eafily 
incinerated.  It  contains  iron,  mild  mineral  alkali,  and  phofphcrated  lime. 

All  the  acids  decompofe  bile,  and  difengage  an  oily  fubftance,  which  rifes  to 
the  top.  The  falts  afterwards  obtained  by  evaporation  have  foda  for  their  bafis, 
which  fhews  that  the  bile . is  a true . animal  foap.  The. oil. which  is  combined. 
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■wkh  foda,  is  analogous  to  refins,  is  foluble  in  fpirit  of  wine,  &c.  The  metallic 
foiutions  decompofe  bile  by  double  affinity,  and  produce  metallic  foaps. 

Bile  unites  with  oils,  and  cleans  (tuffs  in  the  fame  manner  as  foap. 

Bile  is  foluble  in  alcohol,  which  feparates  the  albuminous  principle.  It  is 
the  lad  fubftance  which  renders  bile  coagulable  by  fire  and  by  acids ; and  it  is 
•this  likewife  which  haftens  its  putrefaction. 

The  conftituent  principles  of  bile  are,  water,  a fpiritous  redtor,  a lymphatic 
fubftance,  a refinous  oil,  and  foda.  Mr.  Cadet  has  found  a fait  in  it,  which  he 
thought  fimilar  to  fugar  of  milk  : this  fait  is  probably  no  other  than  that  which 
was  difcovered  by  Mr.  Poulletier. 

Bile  is  therefore  a foap,  refulting  from  the  combination  of  foda  with  a matter 
of  the  nature  of  refins,  and  lymphatic  fubftance,  which  renders  it  fufceptible  of 
putrefaction  and  coagulation.  This  fubftance  gives  the  bile  the  character  of 
animalization,  diminifhes  its  acridity,  and  favours  its  mixture  with  the  other 
humours.  The  faline  part  renders  the  bile  more  fluid  and  foluble  in  water  ; and 
it  is  more  acrid  the  more  this  principle  abounds. 

The  refinous  part  differs  from  vegetable  refins:  i.  Becaufe  thefe  do  not 
form  foap  with  fixed  alkalis : 2.  Becaufe  they  are  more  acrid,  and  more  inflam- 
mable : 3.  Becaufe  the  animal  refin  melts  at  the  temperature  of  forty  degrees, 
and  acquires  a fluidity  fimilar  to  that  of  fat  : from  which,  however,  it  differs  in 
being  foluble  in  alcohol,  in  which  refpedt  it  approaches  to  fpermaceti. 

The  acids  which  adt  upon  bile  in  the  firft  paffages  decompofe  it.  The  greenifli 
yellow  colour  of  the  excrements  of  infants  at  the  breaft,  arifes  from  a fimilar  de- 
compofition  ; and  it  is  the  refinous  part  which  tinges  them.  From  the  adtion  of 
the  bile  upon  acids,  we  may  deduce  the  effedt  of  thefe  remedies  when  the  eva- 
cuations are  putrid,  and  the  degeneration  of  the  bile  is  feptic.  The  lymph  is 
then  coagulated,  and  the  excrements  become  harder.  This  fhews  the  reafon 
why  the  excrements  of  infants  are  fo  frequently  clotted. 

When  the  bile  remains  a long  time  in  the  firft  paflages,  as,  for  example,  in 
chronical  diforders,  it  aflumes  a black  colour,  becomes  thick,  acquires  the  con- 
fidence of  an  unguent,  and  forms  a lining  of  feveral  lines  in  thicknefs  in  the  inteftinal 
canal,  according  to  the  obfervation  of  Mr.  de  Fourcroy.  When  fmeared  on  paper, 
and  dried,  it  becomes  green  ; diluted  with  water,  it  forms  a tindture  of  a yellow 
green  colour,  from  which  a large  quantity  of  black  fcales  is  precipitated  : with 
alcohol  it  likewife  forms  a black  tindture,  and  depofits  that  luminated  brilliant  fait 
difcovered  in  biliary  calculi  by  Mr.  Poulletier  de  la  Salle.  This  humour,  which 
forms  the  atra  bilis  of  the  ancients,  is  nothing  but  the  bile  rendered  thick  ; and 
in  this  cafe  the  effedt  of  acids,  and  the  danger  of  irritating  fubftances,  may  be 
eafily  accounted  for.  This  thickening  of  the  bile  clogs  the  vifcera  of  the  lower 
belly,  and  produces  obftrudtions. 

Many  diforders  are  referable  to  the  predominant  character  of  the  bile.  On 
this  fubjedt,  the  interefting  Memoirs  of  Mr.  de  Fourcroy  may  be  confulted,  in 
the  colledtion  of  the  Royal  Society  of  Medicine  for  the  years  1782  and  1783. 

When  this  bile  becomes  thick  in  the  gall-bladder,  it  forms  the  concretions 
called  biliary  calculi. 

Mr.  Poulletier  has  paid  great  attention  to  the  analyfis  of  the  (tones.  He  has 
obferved  that  they  are  foluble  in  ardent  fpirits.  When  the  folution  is  left  to  itfelf 
for  a certain  rime,  brilliant  and  light  particles  are  feen  in  it,  which  Mr.  Poulletier 
found  only  in  the  human  calculi,  and  which  appeared  to  him  to  have  the  greateft 
analogy  with  the  fait  of  benzoin.  Mr. 
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Mr.  de  Fourcroy  has  obferved,  that  the  difcovery  of  Mr.  de  la  Salle  has  been 
confirmed  by  the  Royal  Society  (of  Medicine),  which  has  received  feveral 
biliary  calculi  that  appeared  to  be  formed  by  a fait  analogous  to  that  which  was 
obferved  by  this  chemift.  They  confift  of  mafTes  of  tranfparent  cryftalline  plates, 
fimilar  to  mica  or  talc.  The  Society  of  Medicine  pofTefies  in  its  collection  a gall* 
bladder,  entirely  filled  with  this  faline  concretion. 

We  may,  therefore,  as  Mr.  de  Fourcroy  obferves,  admit  of  two  kinds  of  calculi : 
the  one  are  opaque,  and  are  afforded  only  by  the  condenfed  bile ; the  others  con- 
fift of  the  cryflals  we  have  defcribed.  Boerhaave  obferved  long  fince,  that  the 
gall-bladder  of  oxen,  at  the  end  of  the  winter,  was  filled  with  calculi ; but  that 
the  frefh  pafturage  diffipated  thefe  concretions. 

Soaps  have  been  propofed  as  l'olvents  for  thefe  calculi.  The  Academy  of  Dijon 
has  publifhed  the  fuccefs  of  a mixture  of  eflence  of  turpentine  and  ether.  Frelh 
vegetables,  which  are  fuch  fovereign  remedies  in  deflroying  thefe  concretions,  owe 
their  virtue,  perhaps,  to  the  circumflance  that  they  develop  an  acid  in  the 
flomach,  as  we  have  obferved  in  the  treating  of  the  gaftric  juice. 

The  ufe  of  the  bile  in  the  animal  ceconomy  confifts,  no  doubt,  in  dividing 
thofe  fubftanees  which  have  undergone  a firft  digeftion  in  the  ftomach,  and  in 
giving  efficacy  and  force  to  the  motions  of  the  inteftines.  When  its  flux  is  in- 
terrupted, it  abounds  in  the  blood,  and  the  whole  body  becomes  of  a yellow 
tinge. 

The  bile  or  gall  is  an  excellent  vulnerary,  externally  applied  : internally  taken, 
it  is  a good  flomachic,  and  one  of  the  beft  deobftruents  the  art  of  medicine  pof- 
TefTes.  This  kind  of  remedies  deferves  the  preference,  as  being  more  analogous 
to  the  conftitution  ; and  bile  is  a prpper  medicine  when  the  digeftion  lan- 
guifhes,  or  the  vifcera  of  the  lower  belly  are  clogged. 

Bile,  like  other  foaps,  removes  fpots  of  oil,  or  other  greafy  matter,  from  fub- 
ftances  to  which  they  are  adherent. 

GALLS.  See  Acid  of  Galls. 

GALLEY.  An  oblong  reverberatory  furnace,  in  which  a row  of  retorts  is- 
placed  befide  each  other,  with  their  necks  protruding  through  lateral  openings. 

GAMBOGE  is  a concrete  vegetable  juice,  the  produce  of  two  trees,  both 
called  by  the  Indians  caracapulli  (gambogia  gutta  Lin.),  and  is  partly  of  a 
gummy  and  partly  of  a refinous  nature.  It  is  brought  to  us  either  in  form  of 
orbicular  mafTes,  or  of  cylindrical  rolls  of  various  fizes ; and  is  of  a denfe,  corn- 
pad  and  firm  texture,  and  of  a beautiful  yellow.  It  is  chiefly  brought  to  us- 
from  Cambaja,  in  the  Eaft  Indies,  called  alfo  Cambodja,  and  Cambogia  ; and 
from  thence  it  has  obtained  its  name  of  cambadium,  cambogium,  and  gam- 
bogium. 

It  is  a very  rough  and  ftrong  purge  : it  operates  both  by  vomit  and  ftool,. 
and  both  ways  with  much  violence,  almoft  in  the  inftant  in  which  it  is  fwallowed, 
but  yet,  as  it  is  faid,  without  griping.  The  dofe  is  from  two  to  four  grains 
as  a cathartic;  from  four  to  eight  grains  prove  emetic  and  purgative.  The: 
roughnefs  of  its  operation  is  diminifhed  by  giving  it  in  a liquid  form  fufficiently 
diluted. 

This  gum  refin  is  foluble  both  in  water  and  in  ardent  fpirit.  Alkaline  folti'- 
tions  poffefs  a deep  red  colour,  and  pafs  the  filter.  Dr.  Lewis  informs  us,  that 
it  gives  a beautiful  and  durable  citron  yellow  ftain  to  marble,  whether  rubbed  in' 
fubftance  on  the  hot  ftone,  or  applied  as  dragon’s  blood  ; fometimes  is  in  form' 
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of  a fpiritous  tin&ure.  When  it  is  applied  on  cold  marble,  the  ftone  is  after- 
wards to  be  heated  to  make  the  colour  penetrate. 

It  is  chiefly  ufed  as  a pigment. 

GANGUE.  The  (tones  which  fill  the  cavities  that  form  the  veins  of  metals 
are  called  the  gangue,  or  matrix  of  the  ore ; the  rocks  that  lie  over  the  veins  are 
called  the  roof;  thofe  that  lie  under  them  the  floor,  and  by  fome  the  hading: 
the  m'atrix  is  almoft  always  a finer  fpecies  of  ftone  than  the  furrounding  rocks, 
though  of  the  fame  genus;  even  the  rocks  themfelves  are  finer  grained  as  they 
approach  the  vein. 

There  is  no  matrix  peculiarly  appropriated  to  any  metal ; it  has-only  been  re- 
marked, that  tin  is  generally  found  among  (tones  of  the  (iliceous  genus,  and  lead 
very  frequently  among  thofe  of  the  calcareous. 

GARNET,  a ftone,  which,  when  tranfparent  and  of  a fine  colour,  is  reckoned 
among  gems.  Its  colour  is  blueilli  or  yellowifti  red ; its  tranfparency  often  ob- 
fcure,  unlefs  it  be  held  to  a ftrong  light.  The  natural  form  of  its  cryftals  is 
various,  and  feldoni  regular.  Its  texture  is  granular.  The  fpecific  gravity  of 
the  garnet,  according  to  various  authors,  is  from  3,6  to  4,4.  Its  hardnefs  is 
nearly  the  fame  as  that  of  the  emerald,  being  lefs  hard  than  the  topaz,  and 
more  fo  than  rock  cryftal. 

A ftrong  calcining  heat  does  not  deprive  it  of  its  colour.  A very  confiderable 
heat  is  required  to  fufe  it  without  addition,  when  it  takes  the  form  of  a black 
flag,  obedient  to  the  magnet.  Mineral  alkali  does  not  attack  it  fo  powerfully  as 
borax  or  microcoftnic  fait. 

According  to  the  analyfis  of  Achard,  the  garnet  contains  48,3  of  (iliceous 
earth,  30  of  clay,  11,6  of  lime,  and  10  of  iron.  The  opaque  garnets  fcarcely 
give  fire  with  fteel,  and  afford  about  20  per  cent,  of  iron.  Bergman  informs  us, 
that  they  contain  tin,  and  even  lead,  though  very  rarely. 

The  garnet  is  a very  common  ftone,  frequently  embodied  in  the  mafles  of 
compound  rocks.  The  Syrian  garnet,  which  is  of  a fine  red,-  inclining  to  pur- 
ple, and  very  clear,  though  lefs  brilliant  than  the  oriental  amethyft,  is  the  molt 
adeemed. 

GAS.  This  term  was  firft  applied  by  Van  Helmont,  to  denote  the  permanently 
elaftic  exhalations  afforded  in  chemical  procefles.  Dr.  Prieftley,  whofe  extenfive 
and  fuccefsful  re fea relies  into  this  department  of  natural  philofophy  have,  in 
the  fpace  of  a few  years,  produced  a revolution  in  the  fcience  of  chemiftry,  ufes 
the  word  air  as  the  generic  term  for  permanently  elaftic  fluids.  Other  chemical 
writers  of  great  reputation  have  thought  fit  to  revive  Van  Helmont’s  term,  and 
.confine  the  word  air  to  the  atmofpheric  fluid.  The  Englifh  philofophers,  how- 
ever, have  in  general  followed  Dr.  Prieftley ; and  as  it  feems  altogether  as 
Ample,  to  add  the  word  atmofpherical,  vital,  or  refpirable,  to  that  air  which  is 
peculiarly  adapted  to  the  maintenance  of  life  and  combuftion,  as  to  denote  it  by 
any  (ingle  peculiar  term  not  ufed  in  the  enunciation  of  other  elaftic  fluids,  we 
have  alio  adopted  the  fame  rule.  See  Air. 

GASTRIC  JUICE.  That  humour  which  is  known  by  the  name  of  the 
gaftric  juice,  is  feparated  by  glands  placed  between  the  membranes  which  line 
the  ftomach ; and  from  thefe  it  is  emitted  into  the  ftomach  itfelf. 

In  order  to  obtain  the  gaftric  juice  in  a date  of  purity,  the  animals  intended 
to  furnifh  it  are  kept  fading  for  two  days,  after  which  the  ftomach  is  extracted.  In 
this  manner  Spallanzani  obtained  thirty-feven  ounces  of  this  juice  out  of  the  two 
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firfl  ftomachs  of  a fheep.  The  fame  naturalift  caufed  animals  to  fwailow  thin  tubes 
of  metal,  pierced  with  feveral  holes,  into  which  he  had  put  fmall  fponges,  very 
clean  and  dry.  He  caufed  crows  to  fwailow  eight  at  a time,  which  were  vomited 
up  at  the  end  of  three  hours  and  a half.  The  juice  which  he  obtained  was 
yellow,  transparent,  fait,  bitter,  and  leaving  very  little  fediment,  when  the  bird 
was  falling.  The  gaftric  juice  may  likewife  be  procured  by  the  vomiting  which  is 
excited  by  irritation  during  fading.  M.  Scopoli  has  obferved,  that  the  moll  fluid 
part  is  only  thrown  up  by  irritation ; and  that  the  thicker  part  does  not  quit  the 
ftomach,  but  by  the  afliftance  of  an  emetic.  M.  Gofle,  who  had  long  accuftomed 
himfelf  to  fwailow  the  air,  which  anfwered  the  purpofe  of  an  emetic  with  him, 
has  availed  himfelf  of  this  habit  to  make  fotne  experiments  with  the  gaftric  juice. 
He  fufpends  his  refpiration,  receives  air  into  his  mouth,  and  pufhes  it  towards 
the  pharinx  with  his  tongue.  This  air,  rarefied  in  his  ftomach,  produces  a con- 
vulfive  motion,  which  clears  it  of  its  contents.  Spallanzani  has  obferved,  the 
eagles  fpontaneoufly  emit  a confiderable  quantity  of  gaftric  juice,  when  fading 
in  the  morning. 

We  are  indebted  to  Reaumur,  and  the  Abbe  Spallanzani,  for  very  interefting 
experiments  refpeding  the  virtue  and  effeds  of  the  gaftric  juice  in  digeftion. 
They  caufed  animals  to  fwailow  tubes  of  metal,  perforated  in  various  places,  and 
filled  with  aliments,  to  examine  their  effeds.  The  philofopher  of  Pavia  ufed 
purfes  of  thread,  and  bags  of  linen  and  woollen.  He  himfelf  fwallowed  fmall 
purfes  filled  with  flelh  boiled  or  raw,  with  bread  mafticated,  and  alfo  in  its  ori- 
ginal ftate,  &c. ; and  likewife  fmall  cylinders  of  wood,  five  lines  in  length,  and 
three  in  diameter,  pierced  with  holes,  and  covered  with  cloth. 

M.  Gofle,  availing  himfelf  of  the  facility  with  which  he  was  able  to  vomit 
by  means  of  the  air,  has  taken  all  kinds  of  food,  and  examined  the  changes  they 
had  undergone,  by  returning  them  after  intervals  more  or  lefs  remote  from  the 
time  of  deglutition. 

From  thefe  various  experiments  it  follows, 

i.  That  the  gaftric  juice  reduces  the  aliments  into  an  uniform  magma,  even 
out  of  the  body,  and  in  vitro  ; and  that  it  ads  in  the  fame  manner  on  the  ftomach 
after  death  : which  proves  that  its  effed  is  chemical,  and  almoft  independent  of 
vitality.  2.  That  the  gaftric  juice  effeds  the  folution  of  the  aliments  included 
in  tubes  of  metal,  and  confequently  defended  from  any  trituration.  3.  That 
though  there  is  no  trituration  in  membraneous  ftomachs,  this  adion  powerfully 
affifts  the  effed  of  the  digeftive  juices  in  animals  whofe  ftomach  is  mufcular, 
fuch  as  ducks,  geefe,  pigeons,  &c.  Some  of  thefe  animals,  bred  up  with  fufficient 
care  that  they  might  not  fwailow  ftones,  have  neverthelefs  broken  fpheres  and 
tubes  of  metal,  blunted  lancets,  and  rounded  pieces  of  glafs,  which  were  intro- 
duced into  their  ftomachs.  M.  Spallanzani  has  afcertained,  that  flelh  included 
in  fpheres  fufficiently  ftrong  to  refill  the  mufcular  adion,  was  completely  di- 
gefted.  4.  That  gaftric  juice  ads  by  its  folvent  power,  and  not  as  a ferment; 
becaufe  the  ordinary  and  natural  digeftion  is  attended  with  no  difengagement  .of 
air  nor  inflation,  nor  heat,  nor,  in  a word,  with  any  other  of  the  phenomena  of 
fermentation. 

M.  Scopoli  obferves  very  well,  that  nothing  pofitive  or  certain  can  be  afierted 
refpeding  the  nature  of  the  gaftric  juice.  It  is  fometimes  acid,  and  fometimes 
infipid.  M.  Brugnatelli  has  found  in  the  gaftric  juice  of  carnivorous  birds,  and 
fome  others,  a difengaged  acid,  a relin  and  animal  fubftance,  united  with  a fmall 
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quantity  of  common  fait.  The  gaftric  juice  of  ruminating  animals  contains  am- 
moniac, an  extradive  animal  fubftance,  and  common  fait.  In  our  time  the  phof- 
phoric  falts  have  been  found  difengaged  in  the  gaftric  juice. 

It  appears  from  the  obfervations  of  Meflrs.  Spallanzani  and  Gofle,  that  the 
nature  of  the  gaftric  juice  varies  according  to  that  of  the  aliments.  This  juice 
is  conftantly  acid  when  the  diet  is  vegetable.  The  Abbe  Spallanzani  affirms, 
contrary  to  Meflrs.  Rrugnatelli  and  Carminati,  that  birds  of  prey  have  never 
afforded  him  an  acid  juice;  and  he  affirms  the  fame  of  ferpents,  frogs,  fifties,  &c. 

In  order  to  fhew  clearly  that  there  is  a great  difference  between  the  gaftric 
juices  of  various  animals,  it  is  fufficient  to  obferve,  that  the  gaftric  juice  of  the 
kite,  the  falcon,  &c.  does  not  diffolve  bread,  though  it  digefts  flefh  meat ; and 
that  the  gaftric  juice  of  the  turkey,  the  duck,  See.  has  no  adion  upon  flefh,  but 
converts  the  hardeft  grain  into  a pulp. 

Meflrs.  Jurine,  Toggia,  and  Carminati,  have  made  the  moft  fuecefsful  applU 
cations  of  the  gaftric  juice  in  the  treatment  of  wounds. 

GEANTHRAX.  See  Peat. 

GELATINOUS  MATTER,  or 

GELLY,  or  JELLY,  an  animal  fubftance,  foluble  in  water,  but  not  in  ardent 
fpirit,  capable  of  affuming  a well-known  elaftic  or  tremulous  confidence  by 
cooling  when  the  water  is  not  too  abundant,  and  liquefiable  again  by  increafing 
its  temperature.  This  laft  property  remarkably  diftinguifhes  it  from  ferum  and 
white  of  egg,  which  become  confiftent  by  heat. 

Jellies  are  very  common  in  our  kitchens : they  may  be  extraded  from  all  the 
parts  of  animals,  by  boiling  them  in  water.  Hot  water  diffolves  a large  quantity 
of  this  fubftance.'  Acids  likewife  diffolve  them,  as  do  likewife  more  particu- 
larly the  alkalis.  Jelly  which  has  been  extraded  without  long  decodion,  pof- 
feffes  moft  of  the  charaders  of  vegetable  mucilage ; but  it  is  feldom  obtained 
without  a mixture  of  ferum. 

Jellies  in  a pure  ftate  have  fcarcely  any  finell  or  remarkable  tafte.  By  dif- 
tillation  they  afford  an  infipid  and  inodorous  phlegm,  which  eafily  putrefies.  A 
ftronger  heat  caufes  them  to  fvvell  up,  become  black,  and  emit  a feetid  odour, 
accompanied  with  white  acrid  fumes.  An  impure  volatile  alkali,  together  with 
empyreumatic  oil,  then  pafles  over,  leaving  a fpungy  coal,  not  eafily  burned, 
and  containing  common  fait  and  phofphorated  lime. 

The  nitrous  acid  difengages  phlogifticated  air  from  jellies. 

The  jelly  of  various  animal  fubftances  is  prepared  for  the  ufe  of  fea-faring. 
perfons,  under  the  name  of  portable  foup.  The  whole  art  of  performing  this 
operation  confifts  in  boiling  the  meat,  and  taking  the  feum  off,  as  ufual,  until  the 
foup  poflefles  the  requifite  flavour.  It  is  then  fuffered  to  cool,  in  order  that  the 
fat  may  be  feparated.  In  the  next  place,  it  is  mixed  with  five  or  fix  whites  of 
eggs,  and  flightly  boiled.  This  operation  ferves  to  clarify  the  liquid,  by  the  re- 
moval of  opake  particles,  which  unite  with  the  white  of  egg  at  the  time  it  be- 
comes folid  by  the  heat,  and  are  confequently  removed  along  with  it.  The  liquor 
is  then  to  be  drained  through  flannel,  and  evaporated  on  the  water  bath  to  the 
confidence  of  a very  thick  pafte ; after  which  it  is  fpread  rather  thin  upon  a 
Ymooth  ftone,  then  cut  into  cakes,  and,  laftly,  dried  in  a dove  until  it  becomes 
brittle.  Thefe  cakes  may  be  kept  four  or  five  years,  if  defended  from  moifture.. 
When  intended  to  be  ufed,  nothing  more  is  required  to  be  done  than  to  dif- 
folve a fufficient  quantity  in  boiling  water,  which  by  that  means  becomes  con- 
verted into  foup.  See  Glue, 
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GEMS.  This  word  is  ufed  to  denote  fuch  femes  as  are  confidered  by  man- 
kind as  precious.  Thefe  are  the  diamond,  the  ruby,  the  fapphire,  the  topaz,  the 
chryfalite,  the  beryl,  the  emerald,  the  hyacinth,  the  amethyft,  the  garnet,  the 
tourmalin,  the  opal;  and  to  thefe  may  be  added,  rock  cryftal,  the  finer  flints  or 
pebbles,  the  cat’s  eye,  the  oculus  mundi,  or  hydrophanes,  the  chalcedony,  the 
moon-done,  the  onyx,  the  cornelian,  the  fardonyx,  agates,  and  the  Labrador- 
fene;  for  which,  confult  the  feveral  articles  refpeftively. 

GILDING.  The  art  of  covering  the  furfaces  of  bodies  with  gold.  Manufac- 
turers ufe  the  term  improperly  to  denote  filvering  as  well  as  gilding,  and  like- 
wife  the  various  methods  of  producing  a golden  colour  without  adually  ufing 
gold. 

The  real  application  of  gold  as  a covering  may  be  performed,  either  by  a 
metallic  mixture  after  the  manner  of  a pigment ; or  by  fridion,  upon  the  fame 
principle  as  black  lead  and  coloured  chalks  are  ufed ; or  by  the  chemical  pre- 
cipitation of  gold  from  mercury,  or  fome  other  fit  folvent ; or,  laftly,  by  glueing 
or  fadening  extremely  thin  leaves  of  gold  to  the  furface  intended  to  be  gilded. 

The  gold  prepared  for  painting  is  called  (hell-gold  or  gold- powder,  and  may 
be  obtained  by  amalgamating  one  part  of  gold  with  eight  of  quickfilver,  and 
afterwards  evaporating  the  latter,  which  leaves  the  gold  in  the  form  of  powder  j 
or  otherwife  the  metal  may  be  reduced  to  powder  by  mechanical  trituration.  For 
this  purpofe,  gold-leaf  mud  be  ground  with  honey  or  ftrong  gum-water  for  a 
long  time  ; and  when  the  powder  is  fufficiently  fine,  the  honey  or  gum  may  be 
wafhed  off  with  water. 

For  cold  gilding  by  friiflion,  a fine  linen  rag  is  feeped  in  a faturated  folution 
of  gold,  till  it  has  entirely  imbibed  the  liquor ; this  rag  is  then  dried  over  a fire, 
and  afterwards  burned  to  tinder.  Now,  when  any  thing  is  to  be  gilded,  it  mud 
be  previoufly  well  burnilhed  : a piece  of  cork  is  then  to  be  dipped,  fitd  into  a 
folution  of  fait  in  water,  and  afterwards  into  the  black  powder ; and  the  piece, 
after  it  is  burnifhed,  rubbed  with  it. 

The  chemical  application  of  gold  to  the  furface  of  metals  is  ufually  called 
water-gilding,  a term  probably  at  firft  confined  to  fuch  procefles  as  demand  the 
ufe  of  a folution  of  gold  in  aqua  regia.  If  this  folution  be  copioufly  diluted  with 
ardent  fpirit,  a piece  of  clean  iron  will  be  gilded  by  being  fteeped  therein.  For 
the  method  called  Grecian  gilding,  equal  parts  of  fal  ammoniac  and  corrofive 
fublimate  are  difiolved  in  nitrous  acid,  and  a folution  of  gold  is  made  in  this 
menftruum  ; upon  this  the  folution  is  fomewhat  concentrated,  and  applied  to  the 
furface  of  filver,  which  becomes  quite  black ; but,  on  being  expofed  to  a red 
heat,  it  aflumes  the  appearance  of  gilding. 

The  method  of  gilding  filver,  brafs,  or  copper,  by  an  amalgam,  is  as  follows  : 
Eight  parts  of  mercury,  and  one  of  gold,  are  incorporated,together  by  heating  them 
in  a crucible.  As  foon  as  the  gold  is  perfectly  difiolved,  the  mixture  is  poured 
into  cold  water,  and  is  then  ready  for  ufe. 

Before  the  amalgam  can  be  laid  upon  the  furface  of  the  metal,  this  lad  is 
brufhed  over  with  dilute  aqua  fortis,  in  which  it  is  of  advantage  that  fome  mer- 
cury may  have  been  difiolved.  Some  artifts  then  wadi  the  metal  in  "fair  water, 
and  fcour  it  a little  with  fine  fand,  previous  to  the  application  of  the  gold  5 but 
others  apply  it  to  the  metal  while  (fill  wet  with  the  aqua  fortis.  But  in  either 
cafe  the  amalgam  muft  be  laid  on  as  uniformly  as  pofiible,  and  fpread  very  evenly 
with  a brafs-wire  brufli,  wetted  from  time  to  time  with  fair  water.  The  piece  is 
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then  laid  upon  a grate,  over  a charcoal  fire,  or  in  a fmall  oven  or  furnace  adapted 
to  this  purpofe.  The  heat  drives  off  the  mercury,  and  leaves  the  gold  behind. 
Its  defe&s  are  then  feen,  and  may  be  remedied  by  fucceflive  applications  of  more 
amalgam,  and  additional  application  cf  heat.  The  expert  artifts,  however, 
make  thefe  additional  applications  while  the  piece  remains  in  the  furnace,  though 
the  pra&ice  is  faid  to  be  highly  noxious  on  account  of  the  mercurial  fumes. 
After  this  it  is  rubbed  with  gilders  wax,  which  may  confift  of  four  ounces  of 
bees  wax,  qne  ounce  of  verdigrife,  and  one  ounce  of  blue  vitriol  : then  expofe 
it  to  a red  heat,  which  burns  off  the  wax ; and  laftly,  the  work  is  cleared  with 
the  fcratch  brufh,  and  burniQied,  if  neceffary,  with  a fteel  tool.  The  ufe  of  the 
wax  feems  to  confift  merely  in  covering  defers,  by  the  diffufion  of  a quantity 
of  red  calx  of  copper,  which  is  left  behind  after  the  burning. 

The  gilding  of  iron  by  mere  heat  is  performed  by  cleaning  and  polifhing  its 
furface,  and  then  heating  it  till  it  has  acquired  a blue  colour.  When  this  has 
been  done,  the  firft  layer  of  gold  leaf  is  put  on,  flightly  burnifhed  down,  and 
expofed  to  a gentle  fire.  It  is  ufual  to  give  three  fuch  layers,  or  four  at  the  moft, 
each  confifting  of  a fingle  leaf  for  common  works,  or  two  for  extraordinary  ones. 
The  heating  is  repeated  at  each  layer,  and  laft  of  all  the  work  is  burnifhed. 

Painting  with  gold  upon  porcelain  or  glafs  is  done  with  the  powder  of  gold, 
which  remains  behind  after  diflilling  the  aqua  regia  from  a folution  of  that  metal. 
It  is  laid  on  with  borax  and  gum  water,  burned  in,  and  polifhed.  The  gilding 
of  glafs  is  commonly  effe&ed  by  covering  the  part  with  a folution  of  borax,  and 
applying  gold  leaf  upon  it,  which  is  afterwards  fixed  by  burning. 

The  gilders  of  wood  and  other  compofitions  defigned  to  fupply  the  place  of 
carved  work,  make  ufe  of  two  methods : the  one  called  oil-gilding,  or  gilding  in 
oil,  becaufe  the  gold  is  made  to  adhere  by  means  of  an  oily  compofition  ; the 
other  is  fometimes  called  water-gilding,  though  feldom,  but  more  frequently 
burnifhed  gold,  on  account  of  the  burnifh  it  is  capable  of,  which  is  one  of  the 
principal  advantages  it  poffeffes  over  the  other  method. 

Gilding  in  oil  is  performed  by  means  of  a paint  fold  under  the  name  of  gold 
fize.  It  confifts  of  drying  oil  (that  is  to  fay,  linfeed  oil  boiled  upon  litharge),  and 
mixed  with  yellow  ochre.  It  is  faid  to  improve  in  its  quality  by  keeping.  This 
is  laid  upon  the  work ; and  when  it  has  become  fo  dry  as  to  adhere  to  the  fingers 
without  foiling  them,  the  gold  leaf  is  laid  on,  and  preffed  down  with  cotton.  This 
method  of  gilding  is  proper  for  work  intended  to  be  expofed  to  the  weather. 

The  method  of  gilding  in  burnifhed  gold  confifts  in  covering  the  work  with 
parchment  fize  and  whiting,  thinly  laid  on  at  five  or  fix  different  times-  This 
is  covered  with  a yellow  fize  made  of  Armenian  bole,  a little  wax,  and  fome 
parchment  fize ; but  in  this,  as  in  moft  other  compofitions  ufed  in  the  arts,  there 
are  variations  which  depend  on  the  fkill  or  the  caprice  of  the  artifts.  When  the 
fize  is  dry,  the  gold  is  applied  upon  the  furface  previoufly  wetted  with  clear  water. 
A certain  number  of  hours  after  this  application,  but  previous  to  the  perfeft 
hardening  of  the  compofition,  the  gold  may  be  very  highly  burnifhed  with  a tool 
of  agate  made  for  that  purpofe.  This  gilding  is  fit  only  for  work  within  doors  j 
for  it  readily  comes  off  upon  being  wetted. 

The  edges  of  the  leaves  of  books  are  gilded  by  applying  a compofition  of  one 
part  Armenian  bole,  and  one  quarter  of  a part  fugarcandy,  ground  together  with 
white  of  eggs.  This  is  burnifhed  while  the  book  remains  in  the  prel's,  and  the 
gold  is  laid  on  by  means  of  a little  water. 
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Leather  is  gilded  either  with  leaf-brafs  or  filver,  but  mod  commonly  by  the 
latter,  in  which  cafe  a gold-coloured  varnilh  is  laid  over  the  metal.  Tin-foil 
may  be  ufed  inftead  of  filver-leaf  for  this  lefs  perfed  gilding,  upon  fuch  works 
as  do  not  poflefs  flexibility. 

GINGER,  is  the  produce  both  of  the  Eaft  and  the  Wefl;  Indies.  Two  forts 
of  this  root  are  brought  to  us,  one  internally  white,  the  other  brown  : whether 
they  are  the  roots  of  different  fpecies  of  the  ginger  plant,  or  of  one  fpecies  taken 
up  at  different  ages,  or  in  different  feafons,  is  not  certainly  known.  This  pun- 
gent aromatic  is  of  common  ufe  as  a fpice,  and  is  obferved  not  to  heat  the 
conflitution  near  fo  much  as  might  be  expeded  from  its  drong  biting  taffe.  Its 
pungency  refides  not  in  its  volatile,  but  in  its  fixed  parts  : the  eflential  oil  con- 
tains the  fmell  and  didinguiftiing  flavour  of  the  ginger,  but  all  the  pungency  is 
left  behind  in  the  dill. 

From  fixteen  ounces  of  the  common  brown  ginger  may  be  obtained  a dram 
or  a little  more  of  oil.  The  fame  quantity  yielded,  with  rectified  fpirit,  an  ounce 
and  two  fcruples  of  refinous  extrad,  containing  all  the  hot  biting  matter  of  the 
root  : from  the  refiduum,  water  extraded  a drong  mucilage,' which  had  little  or 
no  tade,  was  difficultly  reduced  to  drynefs,  and  weighed,  when  exflccated,  five 
drams  and  a half.  Sixteen  ounces,  treated  fird  with  water,  gave  four  ounces  of 
extrad,  confiderably  pungent,  a portion  of  the  refinous  matter  being  taken  up 
by  the  water  along  with  the  gummy  : from  the  refiduum,  fpirit  extraded  five 
fcruples  four  grains  of  a very  pungent  refin.  The  indiffoluble  earthy  matter 
amounts  to  near  three-fourths  of  the  root,  viz.  eleven  ounces  fix  drams  and  fix- 
teen grains.  Redified  fpirit  elevates  in  didillation  fome  of  the  more  fubtile  parts 
of  the  oil,  fo  as  to  tade  a little  of  the  ginger,  though  not  confiderably. 

The  white  ginger  contains  more  foluble  matter  than  the  brown.  From  fix- 
teen ounces  of  this  fort  were  gained  five  ounces  five  drams  and  a fcruple  of 
watery,  and  afterwards  three  drams  twelve  grains  of  fpiritous  extrad.  Spirit 
applied  at  fird,  extraded  one  ounce  and  three  drams  wanting  a few  grains ; 
and  water  applied  afterwards,  took  up  four  ounces  and  a half:  fo  that  the  in- 
diffoluble part  does  not  amount  quite  to  ten  ounces  on  fixteen.  The  quantity 
of  eflential  oil  is  nearly  the  fame  as  in  the  brown  fort.  Neumann. 

GINSENG.  Panax  quinquefolium  Lin.  A fmall  root  brought  from  North 
America,  and  fometimes  from  China ; an  inch  or  two  in  length,  taper,  finely 
driated,  of  a whitifh  or  yellovvilh  colour.  It  has  a very  fweet  tade,  accompanied 
with  a flight  bitterifhnefs  and  warmth. 

The  Chinefe  are  faid  to  have  a very  extraordinary  opinion  of  the  virtues  of 
this  root,  and  to  look  upon  it  as  an  univerfal  redorative  in  all  decays,  from  age, 
intemperance,  or  difeafe.  The  great  value  there  fet  upon  it  has  prevented  its 
being  exported  from  thence  into  other  countries,  and  its  difcovery  in  North 
America  is  but  of  late  date;  fo  that  among  us  it  has  hitherto  been  very  rarely 
made  ufe  of,  although,  from  what  can  be  judged  of  it  from  the  tade,  it  feems  to 
deferve  fome  regard,  efpecially  as  it  is  now  procurable  in  plenty. 

The  American  ginfeng  appears  opake  and  white  when  broken  ; and  though  it 
produces  a good  price  in  the  Chinefe  market,  yet  it  is  vadly  lefs  valuable  than 
the  ginfeng  of  Chinefe  growth,  which  is  nearly  as  tranfparent  as  horn.  This 
property  feems  to  have  been  produced  by  art,  perhaps  by  long-continued  and 
gentle  boiling  in  water. 

GIRASOLE,  a name  given  by  the  Italians  to  die  opal,  which  is  of  the  flint 
8 kind. 
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kind,  and  remarkable  for  the  mutability  of  its  colours,  according  to  the  various 
directions  of  the  light  which  falls  on  it,  and  the  pofidon  of  the  eye  of  the 
obferver. 

GLACIES  MARINE.  A name  given  to  the  clear  tranfpare'nt  gypfum,  or  vi- 
triolated  lime.  It  is  feldom  ufed. 

GLASS.  The  vitriform  date  is  that  of  an  incombuftible  body,  which  has 
been  fufed  by  a red  heat.  All  fubflances,  therefore,  of  fufficient  fixity  to  fuffer 
ignition,  and  fufficient  fufibility  to  be  rendered  fluid  by  the  greateft  temperatures 
we  are  capable  of  producing,  may  be  converted  into  glafs.  The  metals,  though 
fixed  enough  to  fuftain  ignition,  and  fufible  under  that  temperature,  are  not  con- 
verted into  glafs  until  they  have  paffed  through  the  procefs  of  calcination  or 
combuftion. 

It  is  probable  that  all  fubflances  which  do  not  rife  into  the  atmofphere  by  heat, 
nor  combine  with  it  in  combuftion,  are  in  tkeir  own  nature  vitrifiable,  that  is  to 
fay,  fufible ; and  that  the  differences  between  bodies  in  this  refpeCt  are  merely 
relative  to  our  power  of  producing  heat.  We  ihall  not  however  infift  more  fully 
upon  this  extended  view  of  the  fubjed:,  but  Ihall  proceed  to  confider  glafs  as  a 
body  more  or  lefs  tranfparent,  very  hard,  brittle,  fufible  in  a ftrong  heat,  artificially 
prepared  by  fire  ele&ric,  by  fri&ion,  and  fcarcely,  if  at  all,  affeCled  by  the  a&ion 
of  air,  water,  ardent  fpirit,  oil,  or  the  major  part  of  faline  fubflances. 

When,  or  by  whom,  the  art  of  making  glafs  was  firft  found  out,  is  uncertain  : 
fome  will  have  it  invented  before  the  flood  ; but  without  any  proof.  Neri  traces 
the  antiquity  of  this  art  as  far  back  as  the  time  of  Job  : but  Dr.  Merret  will  have 
it  as  ancient  as  either  pottery,  or  the  making  of  bricks  j becaufe,  that  a kiln  of 
bricks  can  fcarce  be  burnt,  or  a batch  of  pottery  be  made,  but  fome  of  the  bricks 
and  the  ware  will  be  at  leaf):  fuperficially  turned  to  glafs ; fo  that  it  muft  have 
been  known  at  the  building  of  Babel,  and  as  long  before  as  the  making  of 
bricks  was  ufed.  It  muft  have  been  known  confequently  among  the  Egyptians, 
when  the  Ifraelites  were  employed  by  them  in  making  bricks.  ' Of  this  kind,  no 
doubt,  was  that  foffil  glafs  mentioned  by  Ferrant.  Imperat.  to  be  found  under 
ground  where  great  fires  had  been.  The  Egyptians  indeed  boaft,  that  this  art  was 
taught  them  by  the  great  Hermes.  Ariftophanes,  Ariftotle,  Alexander  Aphro- 
difteus,  Lucretius,  and  John  the  divine,  put  us  out  of  all  doubt  that  glafs  was 
ufed  in  their  days. 

Moft  of  the  glaffes  made  for  dire<ft  ufe,  confift  of  an  earthy  fubftance  called 
the  bafis,  and  a faline  or  metallic  fubftance  called  the  flux.  The  bafis  is  ufually 
filiceous  earth,  the  fait  an  alkali,  and  the  metal  lead.  But  various  admixtures 
of  earth  and  metallic  calces  are  ufed  in  the  a6tual  pradlice  of  the  art.  None  of 
the  acids,  except  the  phofphoric,  are  fufficiently  fixed  to  withftand  the  heat  re- 
quired to  form  the  vitreous  combination  with  an  earth  ; and  this  fait  has  not  yet 
been  afforded  cheap  enough  to  be  ufed  except  in  affays  by  the  blow-pipe.  The 
fluxes  in  glafs-making  are  ufeful,  not  only  becaufe  more  fufible  than  the  earthy 
matter,  to  which  they  communicate  the  fame  property,  but  likewife  as  folvents 
which  combine  with  it  in  the  dry  way,  and  in  fome  inftances  produce  a com- 
pound poffefling  greater  fufibility  than  belonged  to  any  of  the  ingredients.  See 
Calcareous  Earth,  p.  301. 

The  earthy  fubflances  made  ufe  of  in  the  compofition  of  glafs  are,  quartzofe, 
fand,  flint,  gypfeous  fpar,  chalk,  and  the  like,  either  fingly  or  in  various  pro- 
portions ; except,  however,  that  the  filiceous  earth  is  not  to  be  difpenfed  with. 
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The  faline  additions  confift  either  of  barilla  or  foda,  common  pot-afh,  or  vvood- 
afhes,  and  amount  to  about  one-third  part  of  the  whole.  Thefe  fubftances  are 
purified  and  pounded  with  greater  or  lefs  care,  according  to  the  excellence  of  the 
glafs  intended  to  be  produced.  If  the  materials  were  put  into  a veffel  and  ex- 
pofed  to  fufion,  they  would  froth  and  fwell  much,  partly  on  account  of  the  efcape 
of  moiflure  and  other  volatile  matter,  , and  partly  by  reafon  of  fome  elaflic  fluid 
which  appears  to  be  extricated  at  the  time  of  the  combination  of  the  bails  and 
the  flux.  Various  impurities  of  an  inflammable  nature  would  likewife  remain 
unconfumed  in  the  body  of  the  glafs,  and  injure  its  colour.  To  prevent  thefe 
inconveniences,  the  compofition  is  kept  for  the  fpace  of  four  and  twenty  hours 
in  a furnace  of  a particular  conflrudion,  at  a degree  of  heat  not  fufficient  to  pro- 
duce complete  fufion,  and  with  accefs  of  air.  It  is  repeatedly  ftirred  during  this 
calcination,  and  becomes  at  length  converted  into  an  impeded  glafs  called  fritt. 
This  is  put  into  the  melting-pots,  and  fufed  by  the  ftrong  heat  of  a reverberatory 
furnace.  The  fufed  glafs  has  the  property  of  flicking  to  an  iron  rod  or  tube, 
by  which  means  it  is  taken  out,  either  to  afcertain  a flate  of  perfedion,  or  to 
blow  it  into  fuch  utenfils  as  may  be  wanted.  The  unvitrifiable  falts,  or  fuch 
as  do  not  enter  into  combination  with  the  earth,  fwim  at  the  top  of  the  veffel, 
forming  the  fubftance  called fandiver,  or  glafs  gall,  which  mufl  be  fcummed  off. 

Neri’s  Art  of  Glafs-Making,  and  other  books,  may  be  confulted  for  adefcription 
of  the  mechanical  part  and  utenfils  of  this  art.  In  general,  the  glafs  is  taken  out 
by  dipping  an  iron  tube  into  the  pot,  and  the  quantity  to  be  ufed  at  once,  is  re- 
gulated by  a procefs  fomewhat  refembling  that  of  the  tallow-chandlers ; that  is  to 
fay,  the  part  firfl  dipped  out  is  buffered  to  cool  a little,  and  ferves  as  the  re- 
ceptacle for  more  glafs  to  be  taken  up  at  a fecond  dip,  and  fo  forth  until  the 
quantity  is  fufficient.  The  lump  of  glafs  may  be  foftened  at  pleafure,  by  holding 
it  before  the  mouth  of  the  furnace.  The  workman  renders  it  hollow,  and  of  a 
fpherical  form,  by  blowing  through  the  tube.  This  fphere  may  be  converted  into 
a cone,  a cylinder,  or  any  other  folid,  whofe  tranfverfe  fedion  is  a circle,  by  roll- 
ing it  on  a flat  plate  of  iron.  It  may  be  flretched  in  length  by  fwinging  the  tube 
in  the  air,  or  giving  it  a vibratory  motion  like  that  of  a pendulum.  The  workmen 
fliew  great  dexterity  in  heating  the  glafs  in  the  various  flages  of  the  manipula- 
tion. They  do  this  in  fuch  parts  as  they  are  deffrous  of  extending]  and  on  other 
occafions  they  cool  certain  parts  of  their  work,  by  fanning  the  air  againft  it.  The 
glafs,  in  the  ignited  flate  it  poffefles  after  it  comes  out  of  the  pots,  is  very  tough 
and  flexible,  may  be  cut  with  fliears,  bended  wirh  pincers,  prefled  into  moulds,, 
and  wrought  in  a variety  of  methods  dependent  on  thefe  properties,  of  which  the 
artifls  very  dexteroufly  avail  themfelves. 

As  far  as  obfervation  has  hitherto  direded  us,  it  appears  to  be  a general  rule,, 
that  the  hardnefs,  brittlenefs,  elaflicity,  and  other  mechanical  properties  of  con- 
gealed bodies,  are  greatly  affeded  by  the  degree  of  rapidity  with  which,  they  aflame 
the  folid  flate.  This,  which.no  doubt  is  referribleto  the  property  of  cryflallifation, 
and  its  various  modes,  is  remarkably  feen  in  fleel  and  other  metals,  and  feems 
to  obtain  in  glafs.  When  a drop  of  glafs  is  fuffered  to  fall  into  water;  it  is  found 
to  poflefs  the  remarkable  property  of  flying  into  minute  pieces,  the  inflant  a fmall 
part  of  the  tail  is  broken  off.  This,  which  is  commonly  diflinguifhed  by  the- 
name  of  Prince  Rupert’s  drop,  is  fimilar  to  the  philofophical  phial,  which  is  a 
fmall  veffel  of  thick  glafs  fuddenly  cooled  by  expofure  to  the  air.  It  poffefles 
the  property  of  flying  in  pieces  wliesi  the  fcnallefl  piece  of  flint  or  angular  pebble 
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is  let  fall  into  it.  Many  explanations  have  been  offered  to  account  for  thefe  and 
other  fimilar  appearances,  by  referring  to  a fuppofed  mechanifm  or  arrangement 
of  the  particles,  or  hidden  confinement  of  the  matter  of  heat.  The  immediate 
caufe  however  appears  to  be  derived  from  the  fadt,  that  the  dimenfions  of  bodies 
fuddenly  cooled,  remain  larger  than  if  the  refrigeration  had  been  more  gradual. 
Thus  the  fpeciflc  gravity  of  heel  hardened  by  hidden  cooling  in  water  is  lefs,  and 
its  dimenfions  consequently  greater,  than  that  of  the  fame  heel  gradually  cooled. 
It  is  more  than  probable  that  an  effedt  of  the  fame  nature  obtains  in  glafs ; fo  that 
the  dimenfions  of  the  external  and  fuddenly  cooled  furface  remain  larger  than 
are  fuited  to  the  accurate  envelopment  of  the  interior  part,  which  is  lefs  flowly 
cooled.  In  mod  of  the  metals,  the  degree  of  flexibility  they  poffefs,  muft 
be  fufficient  to  remedy  this  inaccuracy  as  it  takes  place;  but  in  glafs,  which, 
though  very  elahic  and  flexible,  is  likewife  exceffively  brittle,  the  adaptation 
of  the  parts,  urged  different  ways  by  their  difpofition  to  retain  their  refpedtive 
dimenfions,  and  likewife  to  remain  in  contadt  by  virtue  of  the  cohefive  attrac- 
tion, can  be  maintained  only  by  an  eladic  yielding  of  the  whole,  as  far  as  may  be, 
which  will  therefore  remain  in  a date  oftenfion.  It  is  not  therefore  to  be  wondered 
at,  that  a folution  of  continuity  of  any  part  of  the  furface  fliould  dedroy  this 
equilibrium  of  eladicity ; and  that  the  hidden  adtion  of  all  the  parts  at  once,  of 
fo  brittle  a material,  fhould  dedroy  the  continuity  of  the  whole,  indead  of  pro- 
ducing an  equilibrium  of  any  other  kind. 

Though  the  fadts  relating  to  this  difpofition  of  glafs  too  fuddenly  cooled  are 
numerous  and  intereding  to  the  philofopher,  yet  they  conditute  a ferious  evil 
with  refpedt  to  the  ufes  of  this  excellent  material.  The  remedy  of  the  glafs-maker 
confids  in  annealing  the  feveral  articles,  which  is  done  by  placing  them  in.  a fur- 
nace above  the  furnace  of  fufion.  The  glades  are  fird  put  into  the  hotted  part  of 
this  furnace,  and  gradually  removed  to  the  cooler  parts  at  regular  intervals  of  time. 
By  this  means  the  glafs  cools  very  flowly  throughout,  and  is  in  a great  meafure 
free  from  the  defedts  of  glafs  which  has  been  too  hadily  cooled. 

It  is  difficult  to  fpeak  with  any  precifion  concerning  the  materials,  proportion, 
and  management  neceflary  to  make  the  different  kinds  of  glafs,  fuch  as  the  green 
glafs  for  bottles,  the  greenifli  or  blueifh  glafs  for  windows,  the  white  glafs  for 
mirrors,  the  white  flint  glafs  for  bottles,  and  the  crydal  glafs  ufed  for  the  finer  wares, 
called  cut  glafs,  not  to  mention  the  denfe  white  glafs  made  exprefsly  for  optical 
ufes.  All  thefe  are  made  of  better  quality  at  fome  manufadtories  than  at  others; 
and  it  is  probable  that  this  fuperiority  of  produce  is  thus  confined  by  the  na- 
tural difpofition  for  fecrecy  which  prevails  among  men,  whofe  pecuniary  fuccefs 
in  a great  meafure  depends  on  their  monopolizing  the  effedls  of  their  own  fkill. 
Far  be  it  from  me  to  pretend  to  confider  this  proceeding  as  immoral.  On  the 
contrary,  I very  much  doubt  whether  any  fpecies  of  property  can  be  defended 
under  a title  in  any  refpedt  fo  drong  as  that  which  a man  mud  hold  in  his  own 
fuperiority  of  intellect  and  exertion.  I mean  Amply  toobferve  in  this  place,  that, 
from  the  caufes  here  mentioned,  it  is  impoffible  to  give  a minute  account  of  the 
art.  The  green  glafs  is  made  from  impure  materials ; the  baAs  confiding  of  a 
ferruginous  done  or  fand,  and  the  alkali  being  fuch  as  can  be  the  mod  cheaply 
purchafed.  The  colour  chiefly  depends  on  the  iron ; and  the  glafs  is  harder, 
more  durable,  and  lefs  dedrudible  by  acids  remaining  in  it  for  a long  time,  the 
lefs  the  quantity  of  alkali,  and  confequently  the  greater  the  heat.  Pit  coal  is  ufed 
as  fuel  in  the  Englifh  glafs-houfes.  It  produces  a more  intenfe  heat  than  wood. 
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Chaptal,  in  his  Elements  of  Chemiftry,  mentions  the  fuccefsful  eftablilhment  of 
a manufactory  of  opaque  bottles  of  exceffive  ftrength  and  lightnefs,  compofed 
chiefly  of  bafaltes ; but  he  relates  that  the  eftablifhrnent  failed,  chiefly  on  account 
of  the  quality  of  the  bafaltes,  which  did  not  conftantly  prove  the- fame,  but,  be- 
coming in  the  latter  ftages  of  the  undertaking  more  calcareous,  produced  an  article 
of  a perifhable  nature. 

All  the  white  glaffes  owe  their  clearnefs  to  the  purity  of  the  materials.  The 
fineft  filiceous  fand  is  fufed  with  purified  alkali.  The  calces  of  lead  aft  as  a 
powerful  flux,  and  are  much  ufed  in  compolitions  of  this  nature.  They  give 
denfity,  foftnefs,  and  a difpofition  to  take  a brilliant  polifh. 

Optical  writers  teach  us,  that  the  refracting  telefcope  confifts  of  a convex  lens, 
called  the  objeft  lens,  in  the  focus  of  which  the  image  of  a remote  objeft  is  formed  ; 
and  that  this  image  is  feen  magnified  and  diftinft  by  a microfcope  applied  to  it, 
which  forms  the  apparatus  at  the  other  end  of  the  telefcope.  It  may  eafily  be 
imagined,  that  if  the  focal  image  be  indiftinft,  or  if  there  be  a number  of  focal 
images  occupying  different  parts  of  the  field  of  view  of  the  telefcope,  the  effeft: 
will  be  lefs  perfeft,  and  the  magnifying  power  muff  be  lefs,  in  ordex  that  the 
Confufion  may  be  at  all  tolerable.  Whenever  a ray  of  white  or  compounded 
light  is  refrafted  out  of  its  courfe,  by  pafling  into  another  Ample  medium  of  dif- 
ferent denfity  from  that  through  which  it  originally  paffed,  it  is  found  to  be  fe- 
parated  into  its  component  parts,  which  produce  the  fenfations  .of  various  co- 
lours. This  feparation  is  made  by  virtue  of  the  different  properties  poffefled  by 
the  feveral  rays  of  light,  by  which  fome  are  more  refrafted  in  like  circumftances 
than  others.  Thus  the  blue  is  more  refrafted  than  the  green  and  yellow,  and 
thefe  are  more  refrafted  than  the  red  rays.  When.ce  it  follows  that  a pencil  of 
white  light,  which  paffed  in  parallel  rays  to  a wedge  or  prifm  of  glafs,  will  come 
out  of  the  prifm  on  the  other  fide,  not  only  refrafted  in  the  whole,  but  dif- 
ferently refrafted  as  to  its  parts;  the  red  being  lefs  turned  out  of  its  courfe  than 
any  of  the  other  rays,  and  the  violet  being  the  moft  de'fiefted  of  any.  And  this  dif- 
ference of  direftion  will  be  greater,  the  greater  the  mean  refraftion.  The  edges 
of  a convex  lens  may  be  confidered  as  wedges  of  the  fame  nature,  with  regard  to 
the  light,  as  the  prifm  here  mentioned.  Such  a lens,  refrafting  the  red  rays  lefs 
than  any  other,  will  form  a red  image  at  a certain  focal  diftance.  The  yellow 
rays,  being  fomewhat  more  refrafted,  will  afford  a yellow  image,  at  a diftance  lefs 
remote  from  the  lens ; and,  for  fimilar  reafons,  there  will  be  formed,  at  ftill  nearer 
diftances,  images  of  green,  blue  and  violet,  with  all  the  intermediate  fhades  of 
colour.  The  entire  focal  image  will  confift  of  all  thefe  images  irregularly  com- 
bined. It  has  been  difcovered,  that  the  quantity  of  difperfion  is  greater  in  fome 
kinds  of  glafs  than  in  others,  while  the  mean  refraftion  or  focal  length  remains 
the  fame.  Two  prifms  of  fuch  different  kinds  of  glafs,  producing  the  fame  mean 
refraftion  towards  contrary  parts  on  a ray  of  light,  would  not  therefore  correft  the 
colorific  difperfion,  though  the  ray  would  proceed  onward  nearly  in  its  original  di- 
reftion. It  would  be  neceflary,  in  order  that  this  difperfion  produced  by  the  one 
glafs  Ihould  be  accurately  correft  ed  by  the  other,  that  the  mean  refraftion  (hould 
be  greateft  in  that  which  poffefled  the  leaft  power  in  difperfing  the  rays  of  light ; 
and,  in  this  cafe,  the  colourlefs  emergent  ray  would  not  proceed  in  its  firft  di- 
reftion. To  apply  this  doftrine  to  telefcopes — Suppofe  a convex  lens  formed  of 
fuch  glafs  as  afforded  very  little  colorific  difperfion  of  the  rays,  and  a concave 
lens  of  fuch  glafs  as  afforded  much  of  this  effeft : it  will  follow,  that  when  thefe 
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two  lenfes  poflefs  fuch  a figure  as  that  the  concave  fliall  deftroy  the  prlfmatic 
colours  produced  by  the  convex,  the  excefs  of  mean  refraftion  muft  be  in  the 
latter ; and  confequently,  that  the  compound  glafs  will  aft  like  a convex  lens, 
and  produce  a real  colourlefs  focal  image. 

The  problem  of  conftrufting  telefcopes  which  fliall  be  truly  achromatic,  de- 
pends, as  we  have  before  obferved,  chiefly  on  the  perfection  to  which  the  glafles 
can  be  brought.  The  general  fafts  refpefting  glaffes  for  this  ufe  are,  that  lead, 
and  probably  other  metallic  calces,  increafe  the  difperfive  power  more  than  alkalis, 
and  thefe  laft  more  than  earthy  fluxes;  and  that  an  addition  of  alkali  to  glafles  con- 
taining lead,  ferves  greatly  to  diminilh  the  mean  refraftion,  without  much  affefting 
the  difperfive  power  occafioned  by  the  metal.  Hence  it  might  feem  eafy  to 
compofe  fuch  glafs  as  the  theorems  of  the  optician  demand  ; but  the  praftice  is 
by  no  means  fo  ready.  Regular  refraftion  demands  that  the  medium  fliould 
poflefs  an  uniform  denfity  throughout,  or,  in  other  words,  that  the  parts  of  the 
glafs  fliould  be  well  combined  together.  This  however  is  feldom  the  cafe,  efpecially 
in  the  denfe  metallic  glafs.  It  is  found,  that  the  great  fufibility  of  the  glafs  of  lead 
caufes  it  to  flow,  and  occupy  the  interfaces  between  the  particles  of  the  fand  be- 
fore thefe  are  melted.  So  that  fome  very  bright  and  apparently  homogeneous 
glafles  exhibit  an  infinity  of  fmall  focal  images  of  a candle,  when  examined  by  a 
magnifier,  which  are  produced  by  rounded  particles  of  fand  remaining  in  every 
part  of  the  fubftance.  Another  fault,  ftill  more  common,  confifts  in  veins  of  a 
different  denfity  from  the  reft,  partly  arifing  from  imperfeft  fufion,  and  partly 
from  the  denfity  of  the  glafs  in  the  pots  b,eing  greater  the  lower  its  pofition. 

Various  have  been  the  attempts  to  remedy  thefe  defefts,  more  efpecially  fince 
the  Board  of  Longitude  has  offered  a confiderable  premium  for  this  objeft.  We 
do  not,  however,  poflefs  any  ample  detail  of  thefe  unfuccefsful  experiments:  It  is 
generally  understood,  that  it  is  in  vain  to  endeavour  to  make  this  glafs  in  fmall 
furnaces,  becaufe  the  heat  in  thefe  is  continually  varying,  and  is  either  too  low 
for  the  requifite fluidity,  or  fo  high  as  to  extricate  bubbles  of elafti-c  matter;  whereas 
a Ready  heat  is  required  for  the  purpofe.  Macquer  and  others  have  attempted 
to  correft  the  evil  by  repeated  fufions  and  pulverization  of  the  glafs,  and  by 
expofing  it  to  long  continued  fires ; but  without  fuccefs.  It  is  faid,  that  one 
of  the  praftices  in  our  glafs-houfes  confifts  in  lading  the  melted  matter  from  one 
pot  to  another  in  the  furnace.  But  this,  on  account  of  the  heavy  duty  of  excife, 
and  the  impolitic  manner  in  which  it  is  levied,  cannot  be  done  to  any  great  ex- 
tent in  this  country.  If  the  glafs  be  fuffered  to  cool  in  the  pots  after  a good 
fufion,  its  parts  take  a fymmetrical  arrangement,  of  the  nature  of  cryltallization, 
by  which  the  light  is  afted  upon  in  a manner  independent  of  its  figure,  which 
is  thought  to  be  a great  impediment  to  its  optical  ufe.  Mr.  Kier,  who  has  had 
much  experience  in  this  branch  of  chemiftry,  is  difpofed  to  recommend  the  trial 
of  component  parts  different  from  any  which  have  yet  been  admitted  into  the 
common  glaffes. 

Without  prefuming  to  fpeculatein  a departmentof  fcience  wherein  my  experience 
is  much  confined,  I fliall  point  out  a few  fafts  which  may  be  of  ufe  to  the  philofo- 
phical  operator,  and  leave  the  manufafturer  to  his  own  trials.  It  is  generally  af- 
firmed, that  Mr.  Dollond  made  his  original  experiments,  and  conftrufted  thofe  ex- 
cellent three-foot  glaffes  (which  at  prefent  bear  fo  high  a price,  and  are  not  to  be 
made)  with  one  Angle  pot  of  glafs  made  at  the  glafs-houfe  near  Wellclofe  Square, 
and  that  none  of  the  fame  quality  has  fince  been  made.  But  the  proprietor  of  that 
glafs-houfe  has  affured  me,  that  the  original  receipts  and  praftice  are  ftill  followed 
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in  the  making  of  optical  glafs  : that  the  principal  opticians  always  complain  of  ihe 
bad  quality  of  the  glafs,  but  never  fail  to  take  the  whole  quantity  he  makes  at 
their  requeft  and  that  when  they  renew  their  orders,  they  always  defire  it  may 
be  exactly  the  fame  as  the  laft.  From  thefe  circumftances  I think  it  probable, 
i.  That  though  one  pot  of  glafs  may  differ  from  another,  yet  there  may  be 
as  good  glafs  obtained  for  optical  ufes  now  as  formerly,  if  an  optician  fkilled  in 
the  theory  and  practice,  like  the  late  Mr.  Dollond,  were  to  undertake  the  talk  of 
adapting  the  curvatures,  and  fele&ing  the  bed  lenfes.  2.  That  Mr.  Dollond’s  pur- 
pofe  as  a tradefman  being  now  anfwered,  by  the  eftablilhment  of  an  extenfive  bufi- 
nefs,  he  has  not  the  fame  motives  for  exertion  upon  powerful  telefcopes  as  a&uated 
his  father.  3.  That  the  profits  of  this  trade  are  greater,  and  more  certain,  when 
many  hundreds  of  cheap  perfpedtives  are  made  by  common  workmen,  than  when 
a few  extraordinary  telefcopes  are  made  by  the  molt  excellent  artifts,  fuperin- 
tended  by  the  matter  himfelf;  and,  confequently,  it  is  not  the  interefi:  of  an 
eftablilhed  houfe  to  extend  the  latter  branch.  4.  That  it  is  not  the  interefi;  of  a glafs 
manufacturer,  who  can  gain  a large  and  regular  income  by  making  common  uten- 
fils,  to  employ  his  time  in  coftly  experiments  upon  optical  glafs,  which,  if  brought 
to  perfection,  would  afford  but  a moderate  demand,  probably  no  greater  than  he 
now  experiences : and,  therefore,  that  the  improvement  of  achromatic  telefcopes 
is  rather  to  be  expected  from  a man  of  fcience,  who  may  be  a practical  chemift, 
than  from  mere  tradefmen. 

I fufpeCt  the  opinion  to  be  ill  founded,  that  thofe  kinds  of  glaffes  are  unfit 
for  optical  ufes,  which  are  veiny  or  clouded,  or  otherwife  unpromifing.  On  the 
contrary,  there  are  reafons  to  think  that  the  defeCts  of  glafs  arife  from  irregularities 
too  minute  and  numerous  to  be  difcerned  or  difcovered  in  any  way,  but  by  the 
aCtual  proof  of  conftruCting  a telefcope.  There  are  good  glaffes  which  abound 
with  the  larger  veins ; and  I poffefs  two  achromatic  lenfes,  each  of  thirty  inches 
focus,  whofe  obvious  qualities,  and  excellence  as  objeCt  glaffes,  differ  very  much, 
and  in  oppofite  refpeCts.  They  are  each  compofed  of  a convex  of  crown-glafs 
applied  to  a concave  of  flint.  The  one  was  conftruCted  for  the  tube  of  an  aftro- 
nomical  quadrant.  It  produces  no  colour,  has  no  aberration  from  figure,  and, 
when  the  eye  is  placed  in  its  focus  fo  as  to  receive  the  pencil  of  light  from  a fixed 
ftar,  the  whole  aperture  is  uniformly  covered  with  light.  The  other  glafs,  though 
perfectly  fimilar,  was  made  for  a pocket  perfpeCtive.  It  produces  fcarcely  any 
colour,  has  considerable  aberration  from  figure,  and,  when  the  eye  placed  in  its 
focus  receives  the  light  of  a fixed  ftar,  the  whole  aperture  is  covered  with  light 
of  an  irregular,  curdled,  or  clouded  appearance.  I have  no  doubt  but  the  former 
glafs  was  applied  to  the  fuperior,  and  the  latter  to  the  inferior  ufe,  from  their 
obvious  qualities : but  when  they  are  examined  by  the  true  teft  of  optical  ex- 
cellence, the  application  of  a large  magnifying  power,  the  former  proves  dark 
and  indiftindt,  while  the  latter  exhibits  the  objeCt  bright  and'weli  defined,  and 
is  on  the  whole  an  excellent  lens. 

Mr.  Reaumur  was  the  firft  who  made  any  direCt  experiments  upon  the  con- 
verfion  of  glafs  into  porcelain,  which  takes  place  by  the  evaporation  or  abforption 
of  its  alkali,  during  the  continuance  of  a degree  of  heat  lefs  than  is  fufficientto  melt 
it.  Saline  glaffes  are  the  beft  for  this  purpofe ; and  the  lefs  fait  they  contain,  the 
more  readily  they  are  converted.  Infiances  of  this  effeCt  may  be  obferved  among 
the  rubbilh  of  brick-kilns,  where  pieces  of  green  bottles  are  not  unfrequently 
fubjeCted  b;'  accident  to  the  requifite  heat ; but  the  di.reCt  procefs  is  as  follows  : 
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A veflel  of  green  glafs  is  to  be  filled  up  to  the  top  with  a mixture  of  white  fand 
and  gypfum,  and  then  fet  in  a large  crucible  upon  a quantity  of  the  fame  mix- 
ture, with  which  the  glafs  veflels  muft  alfo  be  furrounded  and  covered  over, 
and  the  whole  prefled  down  rather  hard.  The  crucible  is' then  to  be  covered 
with  a lid,  the  junctures  well  luted,  and  put  into  a potter’s  kiln,  where  it  muft  re- 
main during  the  whole  time  that  the  pottery  is  baking  ; after  which,  the  glafs  veflel 
will  be  found  transformed  into  a milk-white  porcelain.  The  glafs,  on  fradure, 
appears  fibrous,  as  if  it  were  compofed  merely  of  filken  threads  laid  by  the  fide 
of  each  other  : it  has  alfo  quite  loft  the  fmooth  and  fhining  appearance  of  glafs, 
is  very  hard,  and  emits  fparks  of  fire  when  ftruck  with  fteel,  though  not  fo  brilkly 
as  real  porcelain.  Lewis  obferved,  that  the  above-mentioned  materials  have  not 
exclufively  this  effed  upon  glafs  ; but  that  powdered  charcoal,  foot,  tobacco- 
pipe  clay,  and  bone-afhes,  produce  the  fame  change.  It  is  remarkable,  that  the 
furrounding  fand  becomes  in  fome  meafure  agglutinated  by  this  procefs,  which, 
if  continued  for  a fufficient  length  of  time,  entirely  deftroys  the  texture  of  the 
glafs,  and  renders  it  pulverulent. 

For  the  other  properties  and  circumftances  relative  to  glafs,  fee  Enamel, 
Pottery,  and  the  feveral  metallic  fubftances. 

GLAUBER’S  SALT.  The  combination  of  vitriolic  acid  and  mineral  alkali. 

It  contains'] 5 parts  alkali,  27  acid,  and  58  water,  according  to  Bergman,. 
See  Acid  Vitriolic. 

GLIMMER.  A name  occafionally  applied  to  micaceous  earths. 

GLUT  EN,  VEGETABLE.  If  wheat  flower  be  made  into  a pafte,  and  walhed 
in  a large  quantity  of  water,  it  is  feparated  into  three  diftind  fubftances  ; a mu- 
cilaginous faccharine  matter,  which  is  readily  diflolved  in  the  liquor,  and  may  be 
feparated  from  it  by  evaporation  ; ftarch,  which  is  fufpended  in  the  fluid,  and 
iubfides  to  the  bottom  by  repofe ; and  gluten,  which  remains  in  the  hand,  and 
is  tenacious,  very  dudile,  fomewhat  elaftic,  and  of  a brown  grey  colour.  The 
firft  of  thefe  fubftances  does  not  effentially  differ  from  other  faccharine  mucilages. 
The  fecond,  namely  the  ftarch,  forms  a gluey  fluid  by  boiling  in  water,  though 
it  is  fcarceiy,  if  at  all,  aded  upon  by  that  fluid  when  cold.  Its  habitudes  and 
produds  with  the  fire,  or  with  nitrous  acid,  are  nearly  the  fame  as  thofe  of  gum 
and  of  fugar.  It  appears  to  be  as  much  more  remote  from  the  faline  date  than 
gum,  as  gum  is  more  remote  from  that  ftate  than  fugar. 

The  vegetable  gluten,  though  itexifted,  before  the  wafhing,  in  the  pulverulent 
form,  and  has  acquired  its  tenacity  and  adhefive  qualities  from  the  water  it  has 
imbibed,  is  neverthelefs  totally  infoluble  in  that  fluid.  It  has  fcarceiy  any  tafte. 
When  dry,  it  is  femi-tranfparent,  and  refembles  glue  in  its  colour  and  appear- 
ance. If  it  be  drawn  out  thin,  when  firft  obtained,  it  may  be  dried  by  expofure 
to  the  air;  but  if  it  be  expofed  to  warmth  and  moifture  while  wet,  it  putrifies  like 
an  animal  fubftance.  The  dried  gluten  applied  to  the  flame  of  a candle,  crackles, 
fwells,  and  burns,  exadly  like  a feather  or  piece  of  horn.  It  affords  the  fame 
produds  by  deftrudive  diftillation  as  animal  matters  do  : is  not  foluble  in  ardent 
fpirit,  oils,  or  ether;  and  is  aded  upon  by  acids  and  alkalis,  when  heated. 
See  Bread. 

GLUE.  An  infpiflated  jelly  made  from  the  parings  of  hides  and  other  offals, 
by  boiling  them  in  water,  {training  through  a wicker  bafket,  buffering  the  im- 
purities to  fubfide,  and  then  boiling  it  a fecond  time.  In  this  ftate  it  is  poured 
into  flat  frames  or  moulds ; then  cut  into  fquare  pieces  when  congealed,  and  after- 
wards dried  ia  a coarfe  net.  It  is  faid  to  improve  by  age ; and  that  glue  is 
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reckoned  the  belt  which  fwells  confiderably  without  melting  by  three  or  four  days 
infufion  in  cold  water,  and  recovers  its  former  dimcnfions  and  properties  by  dry- 
ing. See  Jelly. 

GNEIS.  The  Saxon  name  of  a rock,  confiding  of  mica,  lapis  ollaris,  and 
quartz. 

GOLD  is  a yellow  metal,  of  much  greater  fpecific  gravity  than  any  other 
body  in  nature,  except  platina.  It  is  foft,  very  tough,  dudtile,  and  malleable; 
unalterable  and  fixed,  whether  expofed  to  the  atmofphere,  or  to  the  ftrongeft 
heat  of  furnaces.  The  mod  powerful  burning  mirrors  are  faid  to  have  volatilized 
it;  and  it  has  been  driven  up  in  fumes,  in  the  metallic  date,  by  flame  urged  upon 
it  by  a deam  of  dephlogidicated  air.  The  eledtric  fhock  converts  it  into  a purple 
calx,  as  may  be  feen  by  traofmitting  that  commotion  through  gold  leaf  between 
two  plates  of  glafs ; or  by  caufing  the  explofive  fpark  of  three  or  more  fquare  feet 
of  coated  glafs  to  fall  upon  a gilded  furface.  A drong  heat  is  required  to  melt  it, 
which  does  not  happen  till  after  ignition.  Its  colour,  when  melted,  is  of  a bluielh 
green  ; and  the  fame  colour  is  exhibited  by  light  tranfmitted  through  gold  leaf. 

The  limits  of  the  dudlility  and  malleability  of  gold  are  not  known,  and  its  tena- 
city exceeds  that  of  any  other  metal.  A gold  wire,  of  one  tenth  of  an  inch  diame- 
ter, requires  5001b.  weight  to  break  it. 

The  method  of  extending  gold  ufed  by  the  gold-beaters,  confids  in  hammering 
a number  of  thin-rolled  plates  between  fkins  or  animal  membranes.  By  the 
weight  and  meafure  of  the  bed  wrought  gold-leaf,  it  is  found  that  one  grain  is 
made  to  cover  564  fquare  inches ; and  from  the  fpecific  gravity  of  the  metal,  to- 
gether with  this  admeafurement,  it  follows,  that  the  leaf  itfelf  is  TT_ part  of 
an  inch  thick.  This,  however,  is  not  the  limit  of  the  malleability  of  gold  ; for 
the  gold-beaters  find  it  neceflary  to  add  three  grains  of  copper  in  the  ounce  to 
harden  the  gold;  which  otherwife  would  pafs  round  the  irregularities  of  the  neweft; 
Ikins,  and  not  over  them;  and  in  ufing  the  old  fkins,  which  are  not  fo  perfe<ft 
and  fmooth,  they  proceed  fo  far  as  to  add  twelve  grains.  The  wire  which  is  ufed  by 
the  lace-makers  is  drawn  from  an  ingot  of  filver,  previoufly  gilded.  In  this  way, 
from  the  known  diameter  of  the  wire,  or  breadth  when  flattened,  and  its  length, 
together  with  the  quantity  of  gold  ufed,  it  is  found,  by  computation,  that  the  co- 
vering of  gold  is  only  part  of  the  thicknefs  of  gold-leaf;  though  it  (till  is 
fo  perfedt  as  to  exhibit  no  cracks  when  viewed  by  a microfcope. 

No  acid  adts  readily  upon  gold  but  aqua  regia  and  the  dephlogifticated  ma- 
rine acid.  The  vitriolic  acid,  diftilled  from  manganefe,  has  fome  adtion  upon  it ; 
as  have  likewife  the  pale  nitrous  acid,  and  the  phofphoric  acid  when  boiling. 

The  fmall  degree  of  concentration  which  the  dephlogifticated  marine  acid  is 
fufceptible  of,  and  the  imperfedt  adtion  of  the  latter  acids,  render  aqua  regia  the 
moll  convenient  folvent  for  this-metal. 

When  gold  is  immerfed  in  aqua  regia,  an  effervefcence  takes  place  with  the 
efcape  of  air,  which  has  not  been  examined  ; the  folution  tinges  animal  matters  of  a 
deep  purple,  and  corrodes  them.  By  careful  evaporation,  fine  cryftals  of  a topaz 
colour  are  obtained.  The  gold  is  precipitated  from  its  folvent  by  a great  number 
of  fdbftances.  Lime  and  magnefia  precipitate  it  in  the  form  of  a yellowifh  powder. 
Alkalis  exhibit  the  fame  appearance  ; but  an  excefs  of  alkali  rediilblves  the  pre- 
cipitate. The  precipitate  of  gold  obtained  from  aqua  regia  by  the  addition  of 
a fixed  alkali,  appears  to  be  a true  calx,  and  is  foluble  in  the  vitriolic,  nitrous, 
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and  marine  , acids  ; from  which,  however,  it  feparates  by  (landing,  or  by  evapo* 
ration  of  the  acids.  The  nut-gall  precipitates  gold  of  a reddilh  colour,  very 
foluble  on  the  nitrous  acid,  to  which  it  communicates  a fine  blue  colour. 

The  volatile  alkali  precipitates  the  folution  of  gold  much  more  readily  than 
fixed  alkalis.  This  precipitate,  which  is  of  a brown,  yellow,  or  orange  colour, 
poflfefles  the  property  of  detonating  with  a very  confiderable  noife,  when  gently 
heated.  It  is  known  by  the  name  of  fulminating  gold.  The  prefence  of  volatile 
alkali  is  neceflary  to  give  the  fulminating  property  to  the  precipitate  of  gold; 
and  it  will  be  produced  by  precipitating  it  with  fixed  alkali  from  an  aqua  regia 
previoufly  made  by  adding  fal  ammoniac  to  nitrous  acid  ; or  by  precipitating  the 
gold  from  pure  aqua  regia,  by  means  offal  ammoniac,  inftead  of  the.  volatile  alkali 
alone.  The  fulminating  gold  weighs  one-fourth  more  than  the  gold  made  ufe 
of.  A confiderable  degree  of  precaution  is  neceflary  in  preparing  this  fubftance. 
It  ought  not  to  be  dried  but  in  the  open  air,  at  a diftance  from  a fire,  becaufe 
a very  gentle  heat  may  caufe  it  to  explode.  Several  fatal  accidents  have  arifen 
from  its  explofion,  in  confequence  of  the  fri&ion  of  ground  (toppers  in  bottles 
containing  this  fubftance,  of  which  a fmall  portion  remained  in  the  neck. 

Fulminating  gold,  when  expofed  by  Berthollet  to  a very  gentle  heat  in  a 
copper  tube,  with  the  pneumatical  apparatus  of  mercury,  was  deprived  of  its  ful- 
minating quality,  and  converted  into  a calx  at  the  fame  time  that  alkaline  air  was 
difengaged.  From  this  dangerous  experiment  it  is  afccrtained,  that  fulminating 
gold  confifts  of  calx  of  gold  combined  with  the  volatile  alkali.  The  fame  emi- 
nent philofopher  caufed  fulminating  gold  to  explode  in  copper  veflels.  Phlo- 
gifticated  air  was  difengaged,  a few  drops  of  water  appeared,  and  the  gold  was 
reduced  to  the  metallic  form.  In  this  experiment  he  infers,  that  the  volatile 
alkali  was  decompofed  ; that  the  phlcgifticated  air,  fuddenly  affuming  the  elaftic 
ftate,  caufed  the  explofion,  while  the  vital  air  of  the  calx  united  with  the  in- 
flammable air  of  the  alkali,  and  formed  the  water. 

This  fatisfadtory  theory  was  (till  further  confirmed  by  the-  decompofition  of' 
fulminating  gold,  which  takes  place  in  confequence  of  the  adtion  of  the  concen- 
trated vitriolic  acid,  of  melted  lulphur,  fat  oils,  and  ether;  all  which  deprived  it 
of  its  fulminating  quality,  by  combining  with  its  volatile  alkali. 

Liver  of  fulphur  precipitates  gold  from  its  folvent ; the  alkali  uniting  with  the 
acid,  and  the  gold  falling  down  combined  with  the  fulphur ; of  which,  how- 
ever, it  may  be  deprived  by  moderate  heat. 

Moft  metallic  fubftances  precipitate  gold  from  aqua  regia : lead,  iron,  and 
filver,  precipitate  it  of  a deep  and  dull  purple  colour;  copper  and  iron  throw  it 
down  in  its  metallic  ftate  ; bifmuth,  zinc,  and  mercury,  likewife  precipitate  it.  A 
plate  of  tin,  immerfed  in  a folution  of  gold,  affords  a purple  powder,  called  the 
purple  powder  of  Caflius,  which  is  ufed  to  paint  in  enamel.  There  are  various 
methods  of  managing  this  procefs.  That  defcribed  by  Macquer  confifts  in  dif- 
folving  tin  by  very  fmall  portions  at  a time,  without  heat,  in  an  aqua  regia  com- 
pofed  of  two  parts  of  nitrous  and  one  of  marine  acid,  previoufly  weakened  with 
water  equal  in  weight  to  both  the  acids.  The  firft  fmall  portion  of  tin  muft  be 
fuffered  to  be  entirely  diffolved  before  a fecond  is  added.  This  addition  muft 
be  continued  till  the  acid  has  acquired  a yellow  colour,  and  fcarcely  adts  at  all 
upon  the  tin  laft  added. 

On  the  other  hand,  the  pureft  gold  muft  be  diflblved  in  an  aqua  regia  com- 
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pofed  of  three  parts  of  nitrous,  and  one  of  marine  acid.  This  folution  fnay  be 
made,  as  expeditioufly  as  the  operator  choofes,  by  the  affiftance  of  the  heat  of  a 
fand  bath. 

The  folution  of  tin  mud  then  be  largely  diluted,  as  for  example,  with  one 
hundred  parts  of  diftilled  water  ; and  a fmall  quantity  of  this  may  then  be  affayed, 
by  feparating  it  into  two  parts,  and  diluting  one  of  the  parts  ftill  farther.  Upon 
trial  of  both,  by  letting  fall  a drop  of  the  folution  of  gold  into  each,  it  will  be 
feen  which  affords  the  mod  beautiful  purple  precipitate.  The  whole  of  the  fo- 
lution oftin  mud  accordingly  be  altered,  if  neceffary,  by  adding  more  water. 
Pour  into  this  folution,  in  a large  glafs  or  earthen  veffel,  nearly  half  as  much  of 
the  folution  of  gold  as  it  contains  of  folution  of  tin,  ftirring  the  mixture  with  a 
glafs  ftick.  In  a fhort  time  the  liquor  will  become  of  a beautiful  red  colour, 
which  will  gradually  difappear  on  the  fubfidence  of  the  precipitate.  By  adding 
a fmall  quantity  of  the  folution  of  tin,  it  will  be  feen  whether  the  whole  of  the 
gold  is  precipitated.  The  clear  liquor  mud  then  be  decanted,  and  the  precipitate 
walbed.  It  confifts  of  the  calces  of  gold  and  tin  in  combination,  and  is  the  only 
known  fubftance  which  has  the  property  of  communicating  a purple  colour 
to  glafs. 

The  difficulties  attending  the  preparation  of  this  article  appear  to  depend  on 
the  ftate  of  the  tin.  If  the  folution  of  this  metal  be  made  with  heat  and  rapidity, 
it  becomes  too  much  calcined  to  adhere  to  the  acid,  or  to  precipitate  the  gold  ; 
and  the  combination  of  the  two  metals,  which  falls  down,  varies  in  colour  ac- 
cording as  this  term  is  approached.  Thefe  are  the  chief  circumftances ; but  there 
is  no  doubt  but  that  a complete  examination  of  the  procefs  would  indicate  others 
worthy  of  notice. 

Ether,  naphtha,  and  effential  oils,  take  gold  from  its  folvent,  and  form  liquors 
which  have  been  called  potable  gold.  The  gold  which  is  precipitated  by  eva- 
poration of  thefe  fluids,  or  by  the  addition  of  martial  vitriol  to  the  folution  of 
gold,  is  of  the  utmoft  purity. 

In  the  dry  way,  gold  refills  the  aCtion  of  neutral  falts*  more  efpecially  nitre, 
which  deflagrates  with  the  imperfect  metals.  Nitre,  however,  does  not  afford 
an  expeditious  way  of  purifying  gold,  becaufe  this  metal  in  fome  meafure  pro- 
tects and  covers  the  alloys  from  its  aCtion.  It  is  remarked,  that  borax,  ufed  as  a 
flux  with  gold,  renders  it  paler ; and  that  this  alteration  of  colour  difappears  by 
the  addition  of  nitre  or  common  fait.  As  the  acid  of  borax  forms  a compound 
with  gold,  which  falls  to  the  bottom  when  this  acid  is  added  to  the  metal  in 
folution,  it  is  probable  that  the  palenefs  produced  by  borax  may  arife  from  the 
combination  of  a fmall  portion  of  its  acid  with  the  gold,  which  might  be  driven 
off  by  a continuance  of  the  heat,  and  united  by  flronger  affinity  with  the  alkali 
of  the  nitre,  or  of  the  common  fait,  in  proportion  as  their  acids  are  diffipated 
by  heat. 

Earths  and  alkalis  do  not  adl  on  gold  in  the  dry  way.  Sulphur,  which  com- 
bines with  mod  metals,  has  no  effedt  on  this.  A procefs,  called  dry  parting,  is 
grounded  on  this  property;  and  is  more  efpecially  ufed  in  feparating  filver  from 
gold,  when  the  quantity  of  this  latter  metal  is  too  fmall  to  anfwer  the  charges  of 
diffolving  the  larger  mafs  of  filver  in  nitrous  acid.  For  this  purpofe,  the  mixed 
metal  is  fufed,  and  flowers  of  fulphur  thrown  on  its  furface.  This  combines 
with  the  filver  in  the  form  of  a black  fcoria,  while  the  gold  remains  at  the  bottom 
in  its  metallic  ftate.  The  operation  of  dry  parting  does  not  leave  the  gold  in  a ftate 
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of  purity;  becaufe  the  lad  portions  of  filver  are  defended  from  the  adion  of  the 
fulphur.  But  when  the  quantity  of  filver  is  thus  diminilhed,  the  operation  of 
par'll"^;  with  a9ua  fortis,  or  nitrous  acid,  may  be  advantageoufly  ufed. 

Liver  of  fuipnuf  didolves  gold  in  the  dry  way.  Equal  parts  of  fulphur  and 
vegetable  alkali  are  haflily  fulea  with  one-fourth  of  a part  of  gold-leaf.  This 
combination  is  foluble  in  water,  with  which  it  forms  a ydlowifh  green  folutiom 
By  the  addition  of  an  acid,  the  gold  is  thrown  down  in  combination  with  the 
fulphur,-  of  which  it  may  be  deprived  by  heat. 

Mod  metals  unite  with  gold  by  fufion.  With  filver  it  forms  a compound, 
which  is  paler  in  proportion  to  the  quantity  of  filver  added.  It  is  remarkable  that 
a certain  proportion,  for  example  a fifth  part,  renders  it  greenifh.  From  this 
circumdance,  as  well  as  from  that  of  a confiderable  proportion  of  thefe  metals  fe- 
parating  from  each  other  by  fufion,  in  confequence  of  their  different  fpecific  gra- 
vities, when  their  proportions  do  not  greatly  differ,  it  fhouldieem  that  their  union 
is  little  more  than  a mere  mixture  without  combination  : for;  as  gold-leaf  tranf- 
mits  the  green  rays  of  light,  it  will  eafily  follow,  that  particles  of  filver,  enve- 
loped in  particles  of  gold,  will  reflect  a green,  indead  of  a white  light. 

A drong  heat  is  neceffary  to  combine  platina  with  gold  : it  greatly  alters  the 
colour  of  the  gold,  if  its  weight  exceed  the  forty-feventh  part  of  the  mafs.  It 
does  not  much  affed  the  dudility.  The  Spanifh  minidry  has  prohibited  the  ex- 
portation of  platina  from  America,  led  it  fhould  be  ufed  in  adulterating  gold  ; 
but  this  does  not  appear  to  be  a danger  which  need  be  feared,  as  chemidry  has 
long  been  in  poffeffion  of  feveral  fimple  and  expeditious  methods  of  detecting  this 
fraud,  which  befides  is  evident  to  the  fight  when  the  quantity  of  debafement  is 
confiderable.  It  may  be  quedioned  likewife,  whether  the  value  of  platina  would 
not  foon  equal  that  of  gold,  if  its  properties  and  ufes  were  better  known  in 
fociety. 

Mercury  is  drongly  difpofed  to  unite  with  gold,  in  all  proportions  with  which 
it  forms  an  amalgam  : this,  like  other  amalgams,  is  fofter  the  larger  the  propor- 
tion of  mercury.  It  foftens  and  liquifies  by  heat,  and  crydallizes  by  cooling. 

Lead  unites  with  gold,  and  confiderably  impairs  its  dudility.  Copper  renders 
gold  lefs  dudile,  harder,  more  fufible,  and  of  a deeper  colour.  This  is  the  ufual 
addition  in  coin,  and  other  articles  ufed  in  fociety.  Tin  renders  it  brittle  in 
proportion  to  its  quantity ; but  it  is  a common  error  of  chemical  writers  to  fay, 
that  the  flighted  addition  is  fufficient  for  this  purpofe.  With  iron  it  forms  a grey 
mixture,  which  obeys  the  magnet.  This  metal  is  very  hard,  and  is  faid  to  be 
much  fuperior  to  deel  for  the  fabrication  of  cutting  indruments.  Bifmuth  ren- 
ders gold  white  and  brittle ; as  do  likewife  nickel,  arfenick,  and  antimony.  Zinc 
produces  the  fame  effed  ; and,  when  equal  in  'weight  to  the  gold,  a metal  of  a 
fine  grain  is  produced,  which  is  faid  to  be  well  adapted  to  form  the  mirrors  of 
reflecting  telefcopes,  on  account  of  the  fine  polifh  it  is  fufceptible  of,  and  its  not 
being  fubjed  to  tarnifh.  The  alloys  of  gold  with  the  regulus  of  manganefe,  or 
molybdena,  are  not  known.  It  could  not  be  mixed  with  regulus  of  wolfram,  on 
account  of  the  infufibility  of  this  lad  fubdance. 

Gold  is  found  modly  in  the  metallic  date,  though  generally.alloyed  with  filver, 
copper,  iron,  or  all  three.  It  is  found  either  in  feparate  lumps,  or  vifible  grains, 
among  the  fands  of  rivers  in  many  parts  of  Europe  and  elfewhere.  The  quantity 
is  for  the  mod  part  infufficient  to  pay  the  cod  of  ieparating  it;  but  it  is  thought 
to  be  more  univerfally  diffufed  in  fands  and  earths  than  any  other  metal,  except 
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iron.  The  greateft  quantity  of  gold  is  imported  into  Europe  from  South  America. 
Some  is  brought  from  the  Eaft  Indian  iflands  and  China,  and  fome  from  the  coaft 
of  Africa.  The  principal  gold  mines  in  Europe  are  thofe  of  Hungary.  Some 
fands  afford  gold  by  fimple  wafhing;  the  heavy  metallic  particles  fubfiding  fooneft  : 
but  when  it  is  bedded  in  earths  or  ftones,  thefe  fubftances  are  pounded,  and  boiled 
with  one-tenth  of  their  weight  of  mercury  together  with  water.  The  mercury, 
after  a certain  time,  abforbs  the  gold,  and  may  be  feparated  by  preffure  through 
leathern  bags,  and  fubfequent  diftillation.  Or  otherwife,  if  the  fand  be  heated 
red  hot,  and  quenched  in  water  feveral  times,  for  the  purpofe  of  cracking  and 
dividing  it,  and  the  whole  be  then  melted  into  glafs,  with  twice  its  weight  of  the 
calx  of  lead  called  litharge,  and  charcoal  powder  be  then  added,  the  lead  will 
be  revived  in  the  metallic  ftate,  and  will  carry  the  gold  along  with  it.  By  ex- 
pofure  to  a proper  degree  of  heat,  with  accefs  of  air,  the  lead  may  again  be  con- 
verted into  litharge,  and  the  gold  will  be  left  pure.  This  laft  operation,  is,  in 
fad,  a method  of  affaying  fands  which  contain  gold,  rather  than  of  obtaining  it 
from  them  in  the  large  way. 

Gold  is  alfo  found  in  certain  martial  pyrites  in  Sweden  and  elfewhere  ; from 
which  it  may  be  extraded  by  torrefadion  or  burning  of  the  fulphur,  and  fub- 
fequent digeftion  in  aqua  regia. 

To  obtain  gold  in  a ftate  of  purity,  or  to  afeertain  the  quantity  of  alloy  it  may 
contain,  it  is  expofed  to  a ftrong  heat,  together  with  lead,  in  a porous  crucible. 
This  operation  is  called  cupellation,  and  is  performed  as  follows  : — The  precious 
metal  is  put,  together  with  a due  proportion  of  lead,  into  a fhallow  crucible 
made  of  burned  bones,  called  a cupel ; and  the  fufion  of  the  metals  is  effeded 
by  expofing  them  to  a confiderable  heat  in  a muffel,  or  fmall  earthen  oven,  fixed 
in  the  midft  of  a furnace.  The  lead  continually  vitrifies,  or  becomes  converted 
into  a glaffy  calx,  which  diffolves  all  the  imperfed  metals.  This  fluid  glafs,  with 
ks  contents,  foaks  into  the  cVipel,  and  leaves  the  precious  metal  in  a ftate  of  purity. 
During  the  cupellation,  the  fcorke,  running  down  on  all  Tides  of  the  metallic 
mafs,  produce  an  appearance  called  circulation,  by  which  the  operator  judges 
whether  the  procefs  is  going  on  well.  When  this  metal  is  nearly  pure,  certain 
prifmatic  colours  flafh  fuddenly  acrofs  the  furface  of  the  globule,  which  foon 
afterwards  appears  very  brilliant  and  clean  : this  is  called  the  brightening,  and 
{hews  that  the  feparation  is  ended. 

After  gold  has  palled  the  cupel,  it  may  ftill  contain  either  of  the  other  perfed 
metals,  platina  or  filver.  The  former  is  feldom  fufpeded  ; the  latter  is  feparated 
by  the  operations  called  quartation  and  parting.  Quartation  confifts  in  adding 
three  parts  of  filver  to  the  fuppofed  gold,  and  fufing  them  together,  by  which 
means  the  gold  becomes  one-fourth  of  the  mafs  only.  The  intention  of  this  is  to 
feparate  the  particles  of  gold  from  each  other,  fo  that  they  may  not  cover  and 
defend  the  filver  from  the  adion  of  the  pure  nitrous  acid  which  is  to  be  ufed 
in  the  procefs  of  parting.  Parting  confifts  in  expofing  the  mafs,  previoufly 
hammered  or  rolled  out  thin,  to  the  adion  of  boiling  aqua  fortis  of  a due  ftrength. 
If  the  acid  be  not  too  concentrated,  it  diffolves  the  filver,  and  leaves  the  gold  in 
a porous  mafs  of  the  original  form;  but  if  too  ftrong,  the  gold  is  in  a powdery 
form,  which  may  be  walked  and  dried.  The  weight  of  the  original  metal  before 
cupellation,  and  after  the  fubfequent  operations,  ferve  to  afeertain  the  degree  of 
finenefs  of  the  ingot,  or  ore,  of  which  it  was  a part. 

The  quantity  of  alloy  is  never  confidered  as  part  of  the  value  of  metals  which 
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contain  either  gold  or  filver.  In  eftimating  or  exprefling  the  finenefs  of  gold, 
the  whole  mafs  fpoken  of  is  fuppofed  to  weigh  twenty-four  carats  of  twelve  grains 
each,  either  real  or  merely  proportional,  like  the  affayers  weights;  and  the  pure 
gold  is  called  fine.  Thus,  if  gold  be  faid  to  be  twenty-three  carats  fine,  it  is  to 
be  underftood  that,  in  a mafs  weighing  twenty-four  carats,  the  quantity  of  pure 
gold  amounts  to  twenty-three  carats. 

In  fuch  finall  works  as  cannot  be  allayed  by  fcraping  off  a part,  and  cupelling 
it,  the  affayers  endeavour  to  afcertain  its  quality  or  finenefs  by  the  touch.  This 
is  a method  of  comparing  the  colour  and  other  properties  of  a minute  portion 
of  the  metal,  with  thofe  of  certain  fmall  bars  whofe  compofition  is  known.  Thefe 
bars  are  called  touch-needles;  and  they  are  rubbed  upon  the  black  bafaltes, 
which,  for  that  reafon,  is  called  the  touchftone.  Black  flint,  or  pottery,  will  ferve 
the  fame  purpofe.  Sets  of  golden  needles  may  confift  of  pure  gold  ; pure  gold 
234.  carats  with  half  a carat  filver ; 23  carats  gold  with  one  carat  filver;  224  carats 
gold  with  14  carat  filver,  and  fo  forth,  till  the  filver  amounts  to  four  carats,  after 
which,  the  additions  may  proceed  by  whole  carats.  Other  needles  may  be  made 
in  the  fame  manner,  with  copper  inftead  of  filver ; and  other  fets  may  have  the 
addition,  confiding  either  of  equal  parts  filver  and  copper,  or  fuch  proportions 
as  the  occafions  of  bufinefs  require. 

In  foreign  countries,  where  trinkets  and  fmall  work  are  required  to  be  fub- 
mitted  to  the  affay  of  the  touch,  a variety  of  needles  are  neceffary;  but  they  are 
not  much  ufed  in  England.  They  afford,  however,  a degree  of  information, 
which  is  more  confiderable  than  might  at  firfl  be  expedted.  The  attentive  affayer 
not  only  compares  the  colour  of  the  ftroke  made  upon  the  touchftone  by  the 
metal  under  examination,  with  that  produced  by  his  needle,  but  will  likewife 
attend  to  the  fenfation  of  roughnefs,  drynefs,  fmoothnefs,  or  greafinefs,  which 
the  texture  of  the  rubbed  metal  excites,  when  abraded  by  the  ftone.  When  two* 
ftrokes,  perfectly  alike  in  cololir,  are  made  upon  the  ftone,  he  may  then  wet 
them  with  aqua  fortis,  Jwhich  will  affedt  them  very  differently,  if  they  be  not 
fimilar  compofitions ; or  the  ftone  itfelf  may  be  made  red  hot  by  the  fire,  or  by 
the  blow-pipe,  if  thin  black  pottery  be  ufed,  in  which  cafe  the  phenomena  of 
calcination  will  differ  according  to  the  nature  and  quantity  of  the  alloy. 

Gold  ores  may  be  affayed  in  the  moift  way  by  pounding  them  very  fine, 
weighing  a determinate  portion,  and  attempting  their  folution  in  nitrous  acid, 
which  will  di-ffolve  the  matrix  if  it  confift  of  calcareous  earth ; or  if  it  be  felenite, 
the  powder  may  be  digefted  in  aqua  regia  as  long  as  any  metallic  fubftance  is 
taken  up ; after  which  the  gold  may  be  precipitated  by  an  addition  of  vitriol  of 
iron,  which  will  caufe  it  to  fall  down  in  the  metallic  ftate. 

The  principal  ufe  of  gold  is,  as  the  medium  of  exchange  in  coin,  for  which  it 
has  been  chofen  to  occupy  the  firft  place,  on  account  of  its  fcarcity,  its  great 
weight,  and  its  not  being  fubjedt  to  tarnifh.  The  gold  coins  of  Great  Britain 
contain  eleven  parts  of  gold,  and  one  of  copper. 

Gold  is  likewife  ufed  in  gilding;  for  which  purpofe,  as  we  have  already  fhewn, 
it  is  mechanically  divided  into  leaves  of  extreme  thinnefs.  Thefe  are  ftuck  upon 
wood,  previoufly  friieared  with  adhefive  oil,  or  animal  glue  called  fize.  The 
procefs  called  water-gilding,  which  is  ufually  applied  to  copper  or  brafs,  is  per- 
formed by  immerfing  the  clean  copper  into  a diluted  folution  of  mercury.  The 
copper  is  corroded  by  the  acid,  which  at  the  fame  time  depofits  a thin  coating  of 
mercury.  This  coating,  after  thepiece  is  wa(hed,facilitatestheadhefion  of  an  amalgam 
of  gold,  which  is  then  to  be  rubbed  upon  it.  The  mercury  is  afterwards  volatilized 
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by  beat;  and  the  work  is  finifhed  by  burning  gilding  wax  upon  it,  which  is  a com- 
pofition  of  red  bole,  verdigreafe,  alum,  and  bees- wax.  The  intention  of  this  lad 
application  appears  to  be  that  of  concealing  the  defe&s  of  the  gilding. 

There  is  another  method  of  gilding,  which  is  performed  by  deeping  linen  rags 
in  a lolution  of  gold.  Thefe  are  afterwards  dried  and  burned  to  afhes,  which 
contain  gold  in  a very  divided  date.  Nothing  more  is  neceiiary  than  to  moiden 
the  end  of  a cork,  and  dip  it  in  this  burned  matter,  together  with  a little  wood 
alhes,  and  rub  it  upon  the  face  of  the  filver  intended  to  be  gilded.  By  this 
means  the  gold  eafily  adheres. 

The  other  ufes  of  gold,  in  laces,  &c.  are  fufficiently  known. 

GRANITE,  a compound  rock,  confiding  of  quartz,  feltfpar,  and  mica,  and  oc- 
cafionallv  hornblende,  deatites,  garnet,  or  bafaltes.  It  is  feen  among  the  pavingdones 
of  London,  confiding  of  quartz  of  a white  colour,  a reddifh  feltfpar,  and  black 
or  violet  fhoerl.  The  parts  of  granite  are  fo  well  adapted  to  each  other,  that 
Mr.  de  Sauflure  concludes  it  to  have  been  the  product  of  confyfed  crydallifation. 

The  granite  is  called  moordone  in  Englifh.  The  proportion  and  fize  of  its 
component  parts  are  extremely  variable,  as  well  as  their  colour.  The  quartz, 
feltfpar,  and  mica,  conditute  the  harded  fort  of  granite,  the  mod  anciently  known. 
That  into  which  the  lboerl  enters  is  more  fubjedt  to  decompofition.  The  granite 
never  has  any  particular  texture  or  regular  form,  but  confids  of  enormous  ffiape- 
lefs  mafles,  of  great  hardnefs. 

In  the  finer  granites,  the  quartz  is  tranfparent ; in  others,  generally  white  or 
grey,  violet  or  brown.  The  feltfpar,  M'hite,  yellow,  red,  green,  or  black,  is 
generally  the  mod  copious  ingredient.  The  mica  is  alfo  grey,  brown,  yellow, 
green,  red,  violet,  or  black,  and  is  commonly  lead  copious.  The  fhoerl  is  gene- 
rally black,  and  abounds  in  the  granites  that  contain  it. 

Hence  the  colour  of  granites  chiefly  depends  on  that  of  the  fpar  or  fhoerl. 
The  red  granites  confid  commonly  of  white  quartz,  red  feltfpar,  and  grey  mica. 
The  grey  of  white  quartz,  grey  or  violet  feltfpar,  and  black  mica.  The  black 
commonly  contain  fhoerl  indead  of  feltfpar ; and  the  green  commonly  contain 
green  quartz. 

If  granite  be  expofed  to  the  flame,  urged  by  a blow-pipe,  its  different  concre- 
tions feparate  from  each  other.  In  a crucible,  Mr.  Gerhard  found  the  felifpar 
of  a piece  of  granite  melted  into  a tranfparent  glafs';  under  it  the  mica  lay  in 
the  form  of  a black  flag,  and  the  quartz  remained  unaltered.  But  when  all  three 
were  powdered  and  mixed,  it  melted  fomewhat  better;  yet  dill  the  quartz  may 
be  didinguifhed  by  the  help  of  a lens.  This  well  explains  why  fmall  white  grains 
are  frequently  found  in  lavas.  The  experiments  of  Meflrs.  d’Arcet  and  Sauflure 
perfectly  coincide  on  this  fubjeft. 

The  mixture  of  mica  prevents  the  filex  or  quartz  from  cracking  or  fplitting; 
and  hence  its  infufibility  and  advantageous  ufe  in  furnaces. 

The  granitone,  mentioned  byFerber,  in  his  Letters  from  Italy,  is  a done  com- 
pofed  of  feltfpar  and  mica.  A fubdance  of  this  kind,  which  moulders  by  being 
long  expofed  to  the  air,  is  found  in  Finland  : it  is  faid  to  contain  fometimes  ialt- 
petre,  and  fometimes  common  fait.  It  is  there  called  raparkivi.  Wallerius  de- 
feribes  eighteen  fpecies  of  granites,  befides  many  other  granatic  dones,  on  wi  Lh 
the  curious  reader  may  conlult  his  Mineralogic  Sydem  of  the  edition  in  177a. 

GRANULATION.  The  method  of  dividing  metallic  fubdances  into  grains 
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or  finall  particles,  in  order  to  facilitate  their  combination  with  other  fubflances, 
and  fometimes  for  the  purpofe  of  readily  fubdividing  them  by  weight. 

As  the  entire  metals  cannot  be  pulverifed,  becaufe  not  fufficiently  brittle, 
and  as  the  mechanical  fubdivifion  of  their  parts  is  attended  with  confiderable 
labour  and  difficulty,  recourfe  is  generally  had  to  fufion ; and  the  fubdivifion  is 
made  at  the  inftant  of  congelation.  This  is  done  either  by  pouring  the  melted 
metal  into  water,  or  by  agitating  it  in  a box  until  the  moment  of  congelation, 
at  which  inftant  the  whole  becomes  converted  into  a powder.  Thefe  different 
proceffes  are  preferable  the  one  to  the  other,  according  to  the  nature  of  the 
metallic  fubftance.  Thus  gold,  filver,  copper,  or  iron,  cannot  be  granulated  by 
agitation,  not  only  becaufe  the  great  heat  required  for  their  fufion  would  be  pro- 
ductive of  inconvenience,  but  likewife  becaufe  they  poffefs  a great  degree 
of  tenacity  when  heated  almoft  to  melting.  Lead,  tin,  and  brafs,  on  the 
contrary,  are  very  brittle  when  heated,  and  are  therefore  belt  granulated  in 
this  way. 

Various  contrivances  are  ufed  to  prevent  danger  and  infure  fuccefs  in  the 
feveral  manufactories  that  require  granulation.  Copper  is  granulated  for  making 
brafs,  by  pouring  it  through  a perforated  ladle  into  a covered  veffel  of  water 
with  a moveable  falfe  bottom.  A compound  metal,  confifting  chiefly  of  lead, 
is  poured  into  water  through  a perforated  veffel  of  another  kind,  for  making 
[mail  {hot,  in  which  the  height  above  the  furface  of  the  fluid  is  faid  to  require 
particular  adjuftment.  But  in  a new  manufactory  of  this  kind,  we  underftand 
that  the  height  is  very  great,  being  upwards  of  one  hundred  feet. 

GRAVITY,  a term  ufed  by  phyfical  writers  to  denote  the  caufe  by  which 
all  bodies  move  towards  each  other,  unlefs  prevented  by  fome  other  force  or 
obftacle.  Its  effects  on  the  motions  of  the  celeftial  bodies  are  explained  by  aftro- 
nomical  writers.  The  molt  familiar  effect,  and  that  which  continually  obtrudes 
itfelf  on  our  notice,  is  the  weight  of  bodies,  or  their  tendency  towards  the  centre 
of  the  earth.  Though  the  phenomena  arifing  from  the  weight  of  bodies  form 
the  bafis  of  a feparate  fcience  called  mechanics,  yet  they  are  of  great  confequence 
to  the  chemift.  It  has  not  been  afcertained,  or  rendered  probable,  that  gravity 
is  a fecondary  property  of  matter  ; that  is  to  fay-,  that  it  flows  from  any  of  the 
other  known  original  properties.  Sir  Ifaac  Newton,  however,  was  of  opinion,  that 
our  reafonings  on  the  fubjedl  might  be  fimplified,  by  fuppofing  it  to  depend  on  a. 
prodigioufly  elaftic  and  rare  fluid,  by  him  called  ether,  and  affumed  to  poffefs 
an  increafing  degree  of  condenfation,  in  parts  of  fpace  more  and  more  remote 
from  the  various  maffes  of  matter.  According  to  this  dodtrine,  a falling  body 
moves,  becaufe  it  is  preffed  towards  the  rarer  parts  of  this  extended  fluid.  We 
fhall  leave  this  theory  to  its  merits,  as  being  neither  very  perfpicuous,  nor  much 
related  to  our  fubjedl.  Bergman  and  others  have  confidered  the  chemical  and 
eohefive  attractions  to  be  one  and  the  fame  with  the  attraction  of  gravity ; but 
modified  in  its  laws,  by  variations  in  the  maffes,  denfities,  and  diftances  of  the 
particles  of  bodies.  Many  difficulties  appear  at  firfl;  fight  to  offer  themfelves 
againft  this  fuppofition.  But  in  truth  it  cannot  be  examined  at  firfl;  fight  but 
requires  to  be  fubmitted  to  the  rigour  of  mathematical  inveftigation.  I do  not 
know  that  any  attempt  of  this  nature  has  been  made.  See  Attraction. 

GRAVITY,  SPECIFIC.  Boyle  is  among  the  firfl  of  our  philofophers  who 
fuggefted  the  advantage  that  chemiftry  and  mineralogy  might  derive  from  an 
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attention  to  the  fpecific  gravities  of  bodies.  Much  advantage  may  indeed  be 
derived  from  this  property  in  the  general  determination  of  theclaflesof  minerals, 
and  the  purity  of  fome  metallic  bodies ; and  it  is  very  probable,  that  an  attention 
to  the  fpecific  gravities,  capacities  for  heat,  fufibilities,  volatilities,  laws  of  cryf- 
talifation,  eladicity,  hardnefs,  tenacity,  malleability,  and  fome  other  obvious  fpe- 
cific properties  of  bodies,  may  produce  a more  intimate  acquaintance  with  the 
mutual  actions  of  their  particles,  than  any  we  have  hitherto  acquired. 

Annexed  to  this  article  is  a table  of  fpecific  gravities.  In  compiling  this,  I 
had  Briflbn’s  table  at  the  end  of  Lavoifier’s  Traite  Elementaire  de  Chemie,  and 
Mufchenbroek’s  large  table  in  his  Cours  de  Phyfique,  before  me.  Some  few 
fpecific  gravities  are  from  other  authors,  or  from  experiment.  It  appeared  ufe- 
lefs  to  carry  it  to  more  than  four  places  of  figures,  as  the  temperatures  were  not 
noted  ; and  the  various  fpecimens  of  the  fame  fubftance  often  differ  in  the  third 
figure.  Thefe  affertions  may  be  thought  to  require  proof : for  which  reafon  I 
fhall  obferve  that,  by  experiment,  I find  that  the  fifth  figure  changes  in  water  at 
everv  three  degrees  of  Farenheit’s  thermometer;  that  lead,  tin,  and  probably  all 
other  metals,  though  cad  out  of  the  fame  fufion,  will  vary  in  their  fpecific  gravities 
in  the  third  figure,  from  circumftances  not  yet  determined,  but  mod  likely  from  the 
cooling,  as  is  feen  in  the  hardening  of  deel ; that  falts,  and  other  artificial  prepa- 
rations, retain  more  or  lefs  of  the  folvent  they  were  feparated  from,  according  to 
the  temperature  at  which  the  crydallization  was  effected ; and  that  all  parts  of 
organized  fubdances  not  only  differ  according  to  the  place  of  their  produftion, 
their  age,  and  other  circumftances,  but  likewife  from  their  drynefs,  moidure, 
and  manner  of  prefervation. 

The  fpecific  gravity  of  folids  is  determined  by  weighing  them  firft  in  air,  and 
then  in  water.  The  lofs  of  weight  arifingfrom  the  acftion  of  the  water,  is  equal  to 
that  of  a mafs  of  the  fluid  poflefling  the  fame  dimenfions  as  the  folid  itfelf. 
Whence  it  is  eafy  to  conftrudt  a general  table  of  fpecific  gravities,  by  reducing 
the  proportion  of  the  abfolute  weight  to  the  lofs  fuftained  by  immerfion,  into  terms 
of  which  that  exprefling  water  fhall  be  unity.  If  the  folid  be  fo  light  as  to  float 
upon  water,  it  is  convenient  to  attach  to  it  another  heavier  body  fufficient  to 
caufe  it  to  fink,  but  whofe  weight  in  water  mud  be  added  in  computing  the  lofs. 
The  fpecific  gravity  of  fluids  is  afcertained  by  weighing  a known  body  immerfed 
in  them.  For  the  lofs  by  immerfion  will  accurately  lhew  the  weight  of  the  fame 
bulk  of  the  fluid  ; and,  confequently,  the  proportion  of  thefe  feveral  quantities  to 
the  lofs  the  fame  folid  fudained  in  water,  being  reduced  as  in  the  other  cafe  to 
the  common  dandard  of  unity,  will  exhibit  the  fpecific  gravity.  Other  methods 
are  likewife  ufed  in  experiments  with  fluids.  Thus  equal  bulks  of  different  fluids 
may  be  weighed  by  filling  a fmall  bottle  with  a ground  dopper  with  each  re- 
fpeftively,  and  from  their  feveral  weights  the  weight  of  the  bottle  and  dopper 
mud  be  deducted.  Or  otherwife,  the  indrument  called  the  hydrometer  may  be 
ufed.  See  Hydrometer.  This  poflefles  the  advantage  of  portability,  fpeed^, 
and  a degree  of  accuracy  not  eafily  obtained  by  the  ufe  of  ordinary  balances*. 
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A TABLE 

Shewing  the  Specific  Gravity  of  Metals  and  other  Bodies  to  Rain  Water , and  the  Weight  of  a Cubic  Inch  of 
each,  in  Parts  of  a Pound  AverdupoiJ'e. 


Sp.  Gravity.  W lb.  Averd. 


Pure  gold  caft 
hammered 


Standard  gold  caft 
hammered 


Pure  filver  caft  - 
hammered 


Standard  filver  in  coin 
Crude  platina  in  grains 
Platina  purified  and  fufec 

hammered 

drawn  into  wire  - - 

— laminated  - 


Mercury  - 
Lead  fufed  - 
Copper  fufed  - 
■ drawn  into  wire 


Brafs  caft 


Iron  caft 


Steel,  foft,  and  not  hammered 
hardened  - 


Tin,  Englifh,  fufed  - 
hammered 


bar 


Malacca  tin  fufed 

hammered 

Bifmuth  - - 

Nickel  ------ 

Arfenick,  the  regulus 
Cobalt  ------ 

Zinc  - - - - - - 

Antimony  - 
Manganefe  - - 

Wolfran  - - - - - 

[Diamond  - - - - 

Ruby 


Spinell 
(Topaz,  oriental 

I— Brazillian 

i. Saxon  - 


[Sapphire,  oriental  - - - 

Emerald  - - - 

Adamantine  fpar  - - - 

Rock  cryftal  from  Madagafcar 
Quartz  - - - - 

Agate  ------- 

Onyx  ------- 


1925S 
19362 
17486 
17589 
10474 
1051 1 
10391 
15602 
19500 
20377 
21042 
22069 
13568 
11352 
7788 
8878 
8396 
8544 
7207 
7788 
7840 
7816 
7291 
7299 
7296 
73  06 
9823 
8660 
5763 
7812 
7191 
6702 
6850 
17600 

3*5* 

4283 

3760 

4011 

3536 

3564 

3994 

2775 

4180 

2653 

2654 
2590 
2376 


0,71036 

0,70030 

0,63250 

0,63618 

°,37796 

0,38017 

0,37580 

0,56431 

0,70530 

°>73557 

0,76107 

o', 7982 1 

o, 49074 

0,40965 

0,28 1 68 

0,321 1 1 

0,30367 

0,30903 

0,26067 

0,28 168 

0,28356 

0,28270 

0,26371 

0,26400 

0,26382 

0,26486 

°>35529 

°>3l323 

0,20844 

0,28255 

0,26009 

0,24240 

0,24776 

0,63657 

o,n7S9 

0,15491 

0,13600 

0,14507 

0,1 1718 

0,12891 

0,14446 

0,10037 

0,151 18 

0,09596 

0,09599 

0,09368 

0,09537 


Mufcovy  talc  - 
Common  flate 
Calcareous  fpar 
Alabafter  - ' - 
White  marble 
Limeftones,  from 
to  - 


Bodies. 


Ponderous  fpar  - - - - 

Fluor  fpar  - - - 

Pumice-ftone  - 

Green  glafs  - - 

Englifh  crown-glafs  - - - 

White  flint-glafs,  Englifh 
Another  piece  - - - - 

White  flint  glafs  for  achroma- 
tic ufes  - - - - - 

White  glafs,  French  - - - 

Glafs  of  S.  Gobin  - - - 

Brimftone  - - - - 

Phofphorus  - .... 

Yellow  amber  - - 

Diftilled  water  - 
Sea  water  - - - - - 

Common  fpirit  of  wine  - - 


tion  ------- 

Vitriolic  ether  - - - - 

Nitrous  - ------ 

Marine  ------ 

Acetous  - - ...  - - 

Concentrated  vitriolic  acid  - 

nitrous  acid  - 

marine  acid  - - 


Fluor  acid  - - - - - 

Oil  of  olives  ----- 
of  fweet  almonds  - 


Linfeed  oil 
Naptha 
Gum  elaftic 
Camphor 
Y ellow  wax 
White  ditto 
Spermaceti 
Tallow 
Heart  of  oak 
Cork 


Sp.  Gravity. 

W.  lib.  Averd. 

2792 

0,10098 

0,09664 

- 2672 

■ 27 l5 

0,09820 

- 273© 

0,09874 
. 0,09823 

2716 

- 1386 

0,0  5 1 1 3 

- 2390 

0,08644 

■ 4474 

0,16182 

3 180 

0,1 1502 

9*4 

0,03306 

2620 

0,09476 

2520 

0,091 15 

- 3290 

0,1 1900 

3216 

0,11632 

’ 3437 

0,12431 

2892 

0,10460 

2488 

0,09000 

- 1990 

0,07198 

- *7*4. 

0,06199 

- 1078 

0,3899 

1000 

0,03617 

1026 

0,0371 I 

- 837 

0,03027 

l 820 

I 

0,2960 

739 

0,02673 

9°9 

0,03288 

7 3° 

0,02640 

866 

0,03  ^2 

2125 

0,0l686 

1580 

0,05714 

- 1194 

0,04319 

0,05425 

- 9.5 

0,03309 

- 917 

O.O3316 

940 

0,03410 

0,02561 

393 

0,03375 

989 

0,03577 

965 

0,03490 

969 

0,03505 

9+3 

0,0341  I 

942 

0,03407 

0,04/32 

Ol868 
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GREAT  WORK.  A procefs  for  converting  or  tranfmuting  metallic  fub- 
ftances  into  gold.  Chemiftry  poffefles  no  fafts  tending  to  fhew  that  any  of  the 
metals  are  convertible  into  each  other ; neither  do  we  know  of  any  which  evince 
the  abfurdity  of  fuppofing  fuch  a converfion  to  be  poffible.  The  alchymifts  were 
doubtlefs  milled,  either  by  the  defire  of  profit,  or  by  the  effect  of  a few  delufive 
phenomena,  or  fpecious  general  reafonings,  adapted  to  the  infant  ftate  of  che- 
miftry. Thefe  hopes,  thefe  fa6ts,  and  thefe  reafonings,  have  not  yet  entirely  loft 
their  force  with  the  ignorant.  But  the  ftrongeft  terms  are  inefficient  to  defcribe 
or  deplore  the  fituation  of  thofe  who  may  diredt  their  exertions  to  a purfuit  fo 
much  calculated  to  agitate  and  diftrefs  the  mind,  and  poffeffing  fo  little  proba- 
bility of  fuccefs  as  the  great  work  of  the  alchymifts. 

GRITT-STONE.  A ftone  confifting  of  fand  agglutinated  together.  Its  pro- 
perties differ  according  to  the  finenefs  or  coarfenefs  of  its  grain,  and  the  firmnefs 
of  its  texture.  Some  kinds  are  pounded,  to  convert  them  again  into  fand  ; others 
are  ufed  for  building,  others  for  grinding  edge  tools,  and  others  for  filtering, 
water. 

GROW  AN.  A CoFniflh  mine  term,  ufed  to  denote  a compound  ftone,  con- 
fifting of  white  clay  mixed  with  mica,  quartz,  and  of  no  particular  texture.  It 
is  the  greifs  of  the  Germans. 

GUHR.  A loofe  calcareous  earth  found  in  the  clefts  or  cavities  of  rocks,  moftly 
of  a white  colour,  but  fometimes  red  or  yellow,  from  a mixture  of  clay  or  ochre. 

GUM.  The  mucilage  of  vegetables.  It  is  ufually  tranfparent,  more  or  lefs 
brittle  when  dry,  though  difficultly  pulverable  j of  an  infipid,  or  ftightly  faccharine 
tafte ; foluble  in,  or  capable  of  combining  with  water  in  all  proportions,  to  which 
it  gives  a. gluey  adhefive  confidence  in  proportion  as  its  quantity  is  greater.  It 
is  feparable,  or  coagulates  by  the  aiftion  of  weak  acids ; infoluble  in  ardent  fpirit, 
or  in  oil  j and  capable  of  the  acid  fermentation,  when  diluted  with  water.  The 
deftru&ive  aftion  of  fire  caufes  it  to  emit  much  fixed  air,  and  converts  it  into  coal 
without  exhibiting  any  flame.  Diftillation  affords  water,  acid,  a fmall  quantity 
of  oil,  a fmall  quantity  of  volatile  alkali,  and  much  coal. 

Thefe  are  the  leading  properties  of  gums,  rightly  fo  called  ; but  the  inaccurate 
cuftom  of  former  times  applied  the  term  gum  to  all  concrete  vegetable  juices, 
fo  that  in  common  we  hear  of  gum-copal,  gum-fandarach,  and  other  gums  which, 
are  either  pure  refins,  or  mixtures  of  refins  with  the  vegetable  mucilage. 

The  principal  gums  are,  1.  The  common  gums,  obtained  from  the  plum,  the- 
peach,  the  cherry-tree,  &c.* — z.  Gum  Arabic,  which  flows  naturally  from  the  acacia 
in  Egypt,  Arabia,  and  elfewhere.  This  forms  a clear  tranfparent  mucilage  with, 
water. — 3.  Gum  Seneca,  or  Senegal.  It  does  not  greatly  differ  from  gum  Arabic 
the  pieces  are  larger  and  clearer ; and  it  feems  to  communicate  a higher  degree 
of  the  adhefive  quality  to  w'ater.  It  is  much  ufed  by  callico-printers  and  others. 
—4.  Gum  Adragantor  Tragacanth.  It  is  obtained  from  a fmall  plant  of  the  fame 
name  growing  in  Syria,  and  other  eaftern  parts.  It  comes  to  ns  in  fmall  white 
contorted  pieces  refembling  worms.  It  is  ufually  dearer  than  other  gums,  and: 
forms  a thicker  jelly  with  water. 

Gums  treated  with  a nitrous  acid,  afford  the  acid  of  fugar. 

GUM,  ELASTIC.  Elaftic  gum  is  one  of  thofe  fubftances  which  it  is  dif- 
ficult to  clafs.  It  burns  like  refins ; but  its  foftnefs,  its  elafticity,  and  its  infolu- 
bility  in  the  menftruums  which  ufually  diffolve  refins,  do  not  allow  us  to  clafs 
it  among  thofe  bodies.. 
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"The  tree  which  affords  it  is  known  by  the  name  of  Seringa,  by  the  Indians  of 
Tara.  The  inhabitants  of  the  province  of  Efmeraldas,  a province  of  Quito,  call 
it  Hhava;  and  thofe  of  the  province  of  Mainas,  Caoutchouc. 

Mr.  Richard  has  proved,  that  this  tree  is  of  the  family  of  the  euphorbia;  and 
Mr.  Dorthes  has  obferved  that  the  coccus,  which  are  covered  with  a down  that 
refembles  fmall  ftraws,  were  covered  with  a gum  very  much  rcfembling  the  elaftic 
gum.  Thefe  infeds  feed  on  the  euphorbium  ; but  thofe  which  come  from  other 
situations  afford  the  fame  juice. 

We  are  indebted  to  Mr.  Condamine  for  an  account  and  accurate  details  con- 
cerning this  tree.  (Acad,  des  Sciences,  1751.)  This  academician  informs  us, 
after  Mr.  Frefneau,  engineer  at  Cayenne,  that  the  caoutchouc  is  a very  lofty  tree. 
Jncifions  are  made  in  the  bark  ; and  the  white  juice,  which  flows  out  in  a more 
or  lefs  liquid  ftate,  is  received  in  a veffel  placed  for  that  purpofe.  This  is  ap- 
plied in  fucceffive  coatings  upon  a mould  of  clay,  and  dried  by  the  fire  or  in  the 
fun.  All  forts  of  detigns  are  traced  upon  it  while  foft;  and  when  it  is  dry,  the 
clay  mould  is  crufhed,  and  the  pieces  fhaken  out. 

This  gum  is  very  elaftic,  and  capable  of  great  extenfion. 

When  elaftic  gum  is  expofed  to  the  fire,  it  becomes  foft,  fwells  up,  and  burns 
with  a white  flame.  It  is  ufed  for  illumination,  inftead  of  candles,  at  Cayenne. 

It  is  not  at  all  foluble  either  in  water  or  alcohol.  But  Macquer  has  allured  us, 
that  ether  is  its  true  folvent;  and  upon  this  property  he  has  inftituted  the  art  of 
making  bougies,  for  chirurgical  ufes,  of  elaftic  gum,  by  applying  this  folution 
upon  a mould  of  wax  till  it  is  of  the  requifite  thicknefs. 

Mr.  Berniard,  to  whom  we  are  indebted  for  important  obfervations  upon  this 
fubftance,  found  only  the  nitrous  ether,  which  diflolved  elaftic  gum  : very  pu^e 
vitriolic  ether  did  not  perceptibly  aft  upon  it.  / 

If  elaftic  gum  be  put  in  contad  with  a volatile  oil,  fuch  as  that  of  turpentine, 
or  even  if  it  be  expofed  to  the  vapour  of  that  fluid,  it  fwells,  foftens,  and  be- 
comes very  patty.  It  may  then  be  fpread  upon  paper,  or  applied  as  a varnith  to 
cloth;  but  this  covering  preferves  its  adhefive  quality,  and  does  not  lofe  it  for  a 
long  time.  The  mixture  of  volatile  oil  and  alcohol  forms  a better  folvent  than 
the  pure  oil,  and  the  varnifh  dries  more  fpeedily. 

Mr.  Berniard  has  concluded,  from  his  experiments,  that  the  elaftic  gum  is  a 
fat  oil,  coloured  by  a matter  foluble  in  alcohol,  and  foiled  by  the  frnoke  to 
which  the  gum  is  expofed  while  drying. 

If  linfeed  oil  be  rendered  very  drying  by  digefting  it  upon  the  ca^es  of  lead, 
and  it  be  afterwards  applied  by  a fmall  brufh  upon  any  furface,  and  dried  by  the  fun, 
or  in  the  frnoke,  it  affords  a pellicle  of  a confiderable  degree  of  firmnefs,  evidently 
iranfparent,  burning  like  elaftic  gum,  and  wonderfully  elaftic  and  diftenfible.  If 
this  very  drying  oil  be  left  in  a wide  fhallow  veffel,  the  furface  becomes  thick, 
and  forms  a membrane  which  has  the  greateft  analogy  with  the  elaftic  gum.  A 
pound  of  this  oil  fpread  upon  a ftone,  and  expofed  to  the  air  for  fix  or  feven 
months,  acquired  almoft  all  the  properties  of  elaftic  gum.  It  was  ufed  to  make 
catheters  and  bougies;  was  applied  to  varnifh  balloons,  &c. 

GUM  RESIN.  Vegetable  juices  confifting  of  a mixture  of  gum  and  refin, 
or  effential  oil.  Thefe  parts  do  not  appear  to  be  in  a ftate  of  combination,  for 
no  menftruum  completely  diffolves  the  whole.  If  water  be  applied,  by  the 
afliftance  of  trituration,  the  gummy  matter  is  completely  diffolved ; and  the 
refin  being  fufpended  in  a ftate  of  minute  divifton,  exhibits  the  emullive  form, 
q " Ardent 
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Ardent  fpirit  in  like  manner  takes  up  the  refinous  matter;  and  the  gum,  for 
fimilar  reafons,  gives  opacity  to  the  fluid. 

Macquer  obferves,  that  fince  the  gum  refins  confift  of  principles  not  truly 
combined  with  each  other,  the  compound  muft  be  opake  ; and  he  therefore  lays 
it  down  as  a rule,  that  all  tranfparent  vegetable  concretes  are  either  pure  gums 
or  pure  refins. 

The  principal  gum  refins  are  frankincenfe,  fcammony,  aflafoetida,  aloes,  gum 
ammoniac,  and  gamboge. 

GUNPOWDER.  This  well  known  powder  is  compofed  of  feventy-five 
parts,  by  weight,  of  nitre,  fixteen  of  charcoal,  and  nine  of  fulphur,  intimately 
blended  together  by  long  pounding  in  wooden  mortars,  with  a fmall  quantity 
of  water.  This  proportion  of  the  materials  is  the  moft  effectual.  But  the  va- 
riations of  ftrength  in  different  famples  of  gunpowder  are  generally  occafioned 
by  the  more  or  lefs  intimate  divifion  and  mixture  of  the  parts.  The  reafon  of  this 
may  be  eafily  deduced  from  the  confideration  that  nitre  does  not  detonate  until 
in  contact  with  inflammable  matter;  whence  the  whole  detonation  will  be  more 
fpeedy,  the  more  numerous  the  furfaces  of  contaft.  The  fame  caufe  demands 
that  the  ingredients  fliould  be  very  pure,  becaufe  the  mixture  of  foreign  matter  not 
only  diminifhes  the  quantity  of  effective  ingredients  which  it  reprefents,  but 
likewife  prevents  the  contacts  by  its  interpofition. 

The  nitre  of  the  third  boiling  is  ufually  chofen  for  making  gunpowder,  and 
the  charcoal  of  light  woods  is  preferred  to  that  of  thofe  which  are  heavier,  moft 
probably  becaufe  this  laft,  being  harder,  is  lefs  pulverable.  The  requifite  pound- 
ing of  the  materials  is  performed  in  the  large  way  by  a mill,  in  which  wooden 
mortars  are  difpofed  in  rows,  and  in  each  of  which  a peftle  is  moved  by  the 
arbor  of  a water-wheel : it  is  neceffary  to  moiften  the  mixture  from  time  to 
time  with  water,  which  ferves  to  prevent  its  being  diffipated  in  the  pulverulent 
form,  and  likewife  obviates  the  danger  of  explofion  from  the  heat  occafioned 
by  the  blows.  Twelve  hours  pounding  is  in  general  required  to  complete  the 
mixture ; and  when  this  is  done,  the  gunpowder  is  in  fadt  made,  and  only  re- 
quires to  be  dried  to  render  it  fit  for  ufe. 

There  are  experiments  which  feem  to  (hew,  that  gunpowder  is  ftronger  in  the 
fine  impalpable  form  than  when  granulated.  This  appears  to  be  true  with  re- 
gard to  gunpowder  originally  made,  or  pounded  until  it  aflumes  that  form  ; but 
it  may  be  doubted  whether  it  has  any  foundation  in  general,  or  indeed  that 
the  greater  ftrength  depends  at  all  upon  this  form.  The  granulation  of  gun- 
powder is  performed  by  placing  the  mafs,  while  in  the  form  of  a ftiff  pafte,  in  a 
wire  fieve,  covering  it  with  a board,  and  agitating  the  whole  : by  this  means 
it  is  cut  into  fmall  grains  or  parts,  which,  when  of  a requifite  drynefs,  may  be 
rendered  fmooth  or  glofly  by  rolling  them  in  a cylindrical  veflel  or  cafk.  Gun- 
powder in  this  form  takes  fire  more  fpeedily  than  if  it  be  afterwards  reduced  to 
powder,  as  may  be  eafily  accounted  for  from  the  circumftance,  that  the  inflam- 
mation is  more  fpeedily  propagated  through  the  interftices  of  the  grains.  But 
the  procefs  of  granulation  does  itfelf,  in  all  probability,  weaken  the  gunpowder, 
in  rhe  fame  manner  as  it  is  weakened  by  fuffering  it  to  become  damp  ; for,  in 
this  laft  cafe,  the  nitre,  which  is  the  only  foluble  ingredient,  fuffers  a partial 
folution  in  the  water,  and  a reparation  in  cryftals  of  greater  or  lefs  magnitude; 
and  accordingly  the  furfaces  of  contadt  are  rendered  left  numerous. 

The  detonation  of  gunpowder  has  been  always  an  interefting  problem  in 
3 B chemiftry. 
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chemiftry.  Numerous  theories  have  been  offered,  to  account  for  this  ftrrking 
faft.  But  it  is  now  very  well  fettled,  that  the  nitrous  acid  is  decompofed  by 
the  heat  of  ignition  j that  its  vital  air  combines  with  the  charcoal,  and  forms 
fixed  air,  while  the  phlogifticated  air,  or  other  component  part,  becomes  dis- 
engaged in  the  elaftic  form.  Berthollet  found,  that  the  elaftic  product  afforded 
by  the  detonation  of  gunpowder,  confifted  of  two  parts  phlogifticated  air,  and 
one  fixed  air.  The  fudden  extraftion  and  expanfion  of  thefe  airs,  is  the  caufe 
of  the  effects  of  gunpowder.  See  Acid  Nitrous. 

The  marine  fait  afforded  by  combining  the  dephlogifticated  or  aerated  ma- 
rine acid  and  vegetable  alkali,  affords  gunpowder  of  much  greater  ftrength 
than  the  common  nitre.  For  the  method  of  making  this  falt,^  Acid  Marine 
Aerated. 

GYPSEOUS  EARTH,  or  GYPSUM.  A combination  of  calcareous  earth 
with  vitriolic  acid.  As  this  fait  requires  about  five  hundred  times  its  weight  of 
water  to  dilfolve  it,  the  earlier  chemifts  reckon  it  among  the  earths.  But  as  its 
component  parts  and  properties  are  now  well  known,  gypfum  is  at  prefentcon- 
fidered  as  an  earth  by  chemifts.  See  Earth  Calcareous.. 
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HAIR.  This  animal  excrefcence  does  not  appear  to  differ  confiderably  from 
horn,  either  in  its  obvious  qualities  or  component  parts.  Water  or  ardent 
fpirit  have  very  little  adion  upon  it.  But  acids  and  alkalis  a6t  very  ftrongly, 
more  efpecially  when  affifted  by  heat.  The  nitrous  acid  totally  diffolves  hair ; 
and  if  loaded  with  this  fubftance  by  boiling,  it  depofits  a gelatinous  matter  on 
cooling.  By  repeated  abftraftion  of  nitrous  acid,  a large  proportion  of  acid  of 
fu gar  is  obtained.  I have  not  met  with  an  account  of  the  properties  of  the 
combination  of  hair  with  cauftic  fixed  alkali,  which  diffolves  it. 

Neumann  examined,  by  deftrudive  diftillation,  the  hair  of  cows,  horfes,  fwine, 
and  fheep,  and  alfo  the  human  hair.  He  obtained  volatile  alkali,  partly  com- 
bined with  water,  and  partly  in  the  concrete  ftate;  fome  empyreumatic  oil,  and 
a coaly  refidue  of  difficult  incineration,  which  afforded  a fmall  quantity  of  fi-xed 
fait.  The  proportions  of  thefe  in  each  were  different,  but  need  not  be  here  re- 
lated, as  the  modern  chemifts  would,  no  doubt,  in  repeating  the  experiment, 
attend  to  the  elaftic  as  well  as  to  the  condenfible  produ&s. 

HARDNESS  may  be  defined  as  that  property  of  bodies  by  which  they 
refift  indentation.  It  differs  from  tenacity,  which  is  the  oppofite  quality  to 
brittlenefs,  whereas  hardnefs  is  the  oppofite  quality  to  foftnefs,  or  the  difpofition 
which  the  parrs  of  a folid  body  poffefs  of  eafily  yielding  without  fratfture.  Chemifts 
and  others  ufually  afcertain  the  comparative  hardnefs  of  bodies  by  rubbing  the 
one  againft  the  other;  any  angular  prominence  of  a harder  body  being  capable  of 
Scratching  or  making  a mark  upon  the  furface  of  a fofter.  This  is  not  a bad  me- 
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thod,  though  it  may  be  rendered  uncertain  by  the  greater  or  lefs  brittlenefs  o( 
the  refpe&ive  bodies.  Thus  hardened  fteel  wT  (cratch  glafs,  and  will  in  return 
be  fcratched  by  glafs ; the  brittlenefs  of  the  glals  caufing  it  to  yield  under  the 
fteel,  which  is  more  tenacious,  though  fofter.  On  this  principle  likewife  it  is 
tiiat  the  keeneft  edge  tools,  and  thofe  belt  calculated  to  cut  hard  bodies,  are  not 
hardened  to  the  higheft  temper  the  fteel  is  capable  of,  but  to  fuch  a degree 
only  as  to  retain  much  tenacity  with  a moderate  hardnefs. 

The  mechanical  philofophers,  at  the  beginning  of  the  prefent  century,  ac- 
counted for  the  hardnefs  of  bodies,  by  fuppofing  their  particles  to  be  of  fuch 
a form  as  to  apply  to  each  other  with  large  furfaces  of  contafl.  This  doclrine 
feems  in  fome  meafure  to  be  true,  when  applied  to  the  cryftals  of  bodies  on 
their  affumption  of  the  folid  form.  Sugar-candy,  or  the  more  (lowly  formed 
cryftals  of  fugar,  are  harder  (or  perhaps  lefs  brittle)  than  loaf  fugar,  in  which 
the  fame  fmall  cryftals  are  more  confufedly  applied  to  each  other : calcareous  fpar 
is  harder  than  chalk,  &c.  But  how  far  this  do&rine  may  apply  to  the  hardnefs 
arifing  from  the  hafty  cryftallifation  of  fteel  and  other  bodies  by  immerfion  in 
water,  remains  to  be  fettled  by  future  refearches. 

Mr.  Kirwan,  in  his  Mineralogy,  has  exhibited  the  hardnefs  of  the  different 
fpecies  of  ftones,.as  afeertained  by  Mr.  Quift,  by  the  impreffion  made  on  each 
other.  In  the  following  table  the  (tones,  which  (land  firft,  are  able  to  fcratch 
or  cut  the  fucceeding,  but  not  vice  verfa ; and  fuch  (tones,  whofe  hardnefs  does 
not  exceed  1 1,  may  be  fcratched  by  fteel.  The  firft  column  denotes  the  hard- 
nefs, and  the  fecond  the  fpecific  gravity. 


Diamond  from  Ormos 

20 

Sardonyx  - - 

- - 

12 

- 2.6 

Pink  diamond 

*9 

- 

3-4 

Amethyft 

- - 

1 1 

- 2*7 

Bluifh  diamond  - - 

19 

- 

3-3 

Cryftal 

- , - 

1 1 

- 2.6 

Yellowifti  diamond  - 

*9 

. 

3-3 

Carnelion 

- 

1 1 

- 2.7 

Cubic  diamond  - 

18 

. 

3-z 

Green  Tafper 

- 

1 1 

- 27 

Ruby  - - 

*7 

- 

4.2 

Reddifii  yellow  ditto 

9 

- 2.7 

Pale  ruby  from  Brazil 

16 

- 

3*5 

Shoerl 

. . 

10 

Spinell  - 

*3 

- 

3-4 

Tourmaline 

. - 

10 

Deep  blue  fapphire  - 

16 

- 

3-8 

Quartz 

- - 

10 

- 2.7 

Ditto  paler  - - 

17 

- 

3-8 

Opal  - 

- - 

10 

- 2.6 

Topaz  - - - - 

15 

- 

4.2 

Chryfolite 

- 

10 

- 3*7 

Whitifh  ditto  - - - 

H 

3-5 

Zeolyte 

- - 

8 

- 2.1 

Bohemian  - 

1 1 

- 

2.8 

Fluor  - 

- - 

7 

Emerald  - 

12 

2.8 

Calcareous  Spar 

- - 

6 

Garnet  - 

12 

- 

4.4 

Gypfum 

- - 

5 

Agate  - 

1 2 

- 

2.6 

Chalk  - - - 

- - 

3 

Onyx 

12 

- 

2.4 

HEAT.  The  fenfations  expreffed  in  common  language  by  the  words  heat 
and  coldnefs,  are  of  too  fimple  a nature  to  require  or  to  admit  of  definition. 
Thefe  words,  however,  are  not  always  ufed  to  denote  the  fame  things ; but  are  in- 
difcriminately  applied  both  to  the  fenfation  itfelf,  or  to  that  which  caufes  ir.  Thus, 
we  fay,  that  we  ourfelves  are  hot  or  cold ; and  that  the  fire  or  ice  which  heats 
or  cools  us,  is  likewife  hot  or  cold,  though  the  fenfations  we  experience  are  cer- 
tainly very  different  things  from  that  which  enables  bodies  to  excite  them.  It 
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may  alfo  be  remarked,  that,  in  this  ambiguous  manner  of  fpeaking,  there  is 
another  caufe  of  uncertainty  that  arifes  from  the  ufe  of  a variable  ftandard  of 
comparifon.  Every  one  knows,  that  the  eftimation  of  heat  or  coldnefs  differs 
in  various  p'erfons,  becaufe  each  forms  his  judgment  from  ms  own  fenfations; 
and  the  fame  body  may  appear  hot  to  one  perfon,  and  cold  to  another,  or  to  the 
fame  perfon  at  different  times;  though  the  variation  is  not  in  che  body  itfelf,  but 
in  the  date  of  the  perfon  in  whom  thefe  fenfations  are  excited.  Hence  it  appears 
neceffary,  in  order  to  avoid  error  in  the  purfuit  of  inquiries  concerning  heat,  that 
the  fenfe  of  the  words  made  ufe  of  fhould  be  accurately  defined,  and  that  fome 
fixed  ftandard  of  comparifon  be  made  ufe  of  inflead  of  the  human  body,  which, 
though  fixed  enough  for  the  common  affairs  of  life,  is  certainly  not  enough  fo 
for  the  purpofes  of  fcience. 

The  word  heat,  in  a philofophical  fenfe,  is  ufed  to  denote  the  caufe  of  the 
power  which  bodies  poffefs  of  exciting  the  fenfations  of  heat  or  coldnefs. 

The  word  temperature  denotes  the  ftate  of  the  body  with  refped  to  that 
power.  So  that  a body  which  excites  a more  intenfe  fenfation  of  heat  or  cold- 
nefs than  another  body,  is  faid  to  poffefs  a higher  or  lower  temperature. 

It  has  not  yet  been  determined  in  what  heat  itfelf,  or  the  caufe  of  temperature, 
conlifts.  Two  opinions  have  long  divided  the  fcientific  world  One  is,  that  heat 
confifts  of  a peculiar  motion  or  vibration  of  the  parts  of  bodies,  fo  that  the 
temperature  is  higher,  the  ftronger  the  vibration.  The  other  is,  that  heat  is  a 
fubftance  or  fluid,  whofe  greater  or  lefs  quantity  produces  a higher  or  lower 
temperature.  The  decifion  of  this  great  queftion  is  highly  deferving  of  the  at- 
tention of  philofophers.  But  it  will  not  be  neceffary  to  conlider  its  merits  in 
our  firft  fteps  of  inveftigation,  becaufe  the  doubts  refpeding  it  will  not  impede 
our  reafoning  concerning  fuch  phenomena  as  are  well  known.  For  fince  effeds 
are  proportioned  to  their  caufes,  we  may  fpeak  of  the  quantities  of  heat  in 
bodies,  without  deckling  whether  they  be  quantities  of  motion  or  quantities  of 
matter ; the  relation  of  thofe  quantities  to  each  other,  and  not  their  peculiar  na- 
ture, being  the  chief  objed  of  our  refearch. 

Two  bodies  which,  when  in  contad,  neither  impart  nor  receive  heat  from 
each  other,  are  of  the  fame  temperature.  All  bodies,  therefore,  which  by  dired 
or  fucceflive  contad  communicate  with  xach  other,  muff  either  have  the  fame 
temperature,  or  the  hotter  will  communicate  heat  to  the  others,  till  a common 
temperature  is  produced  amongft  them. 

The  difpofition  or  power  of  quickly  tranfmitting  heat  in  the  produdion  of  a 
common  temperature,  is  not  the  fame  in  different  bodies.  If  a number  of 
ftraight  wires  of  equal  fizes,  but  different  metals,  be  covered  each  with  a thin 
coat  of  wax,  and  their  ends  be  plunged  in  the  fame  heated  fluid,  for  example, 
melted  lead,  the  fufion  of  the  soat  of  wax  will  fhew  that  heat  is  more  quickly 
tranfmitted  through  fome  metals  than  others.  Thus  alfo  it  is  found,  that  the  end 
of  a glafs  rod  may  be  kept  red  hot  for  a very  long  time,  without  any  inconve- 
nience to  the  hand  which  holds  the  other  end;  though  a fimilar  metallic  rod, 
heated  in  the  fame  manner,  would  very  foon  become  too  hot  to  be  held-  Bodies 
that  quickly  alter  their  temperature  by  communication,  are  faid  to  be  better  con- 
dudors  of  heat  than  fuch  as  alter  more  flowly. 

The  general  effeds  of  a change  of  temperature  are  thefe  : A folid  is  rendered 
fluid  by  an  increafe  of  temperature,  and  a (till  greater  increafe  converts  it  into 
elalbc  fluid  or  vapour.  If  the  body  be  compofed  of  parts,  which  become  folid, 
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fluid,  or  vaporous,  at  different  temperatures ; and  the  eleClive  attraction,  by 
which  thofe  parts  are  held  together,  be-^qfufficient  to  prevent  their  affuming  thefe 
flutes  by  the  change  of  temperature,  a reparation  will  then  take  place  : thus  a 
diminifhed  temperature  feparates  fait  from  water,  by  their  becoming  folid ; and 
an  increafed  temperature  feparates  water  from  falts,  by  caufing  the  former  to  fly 
off  in  vapour.  Laftty,  if  neither  the  change  of  temperature  be  confiderable 
enough  to  alter  the  ftate  of  folidity,  fluidity,  or  vapour  which  the  body  under  con- 
fideration  mav  happen  to  poffefs,  nor  the  body  itfelf  be  of  the  nature  to  undergo 
aTeparation  of  its  parts  by  the  change,  then  an  increafe  of  temperature  will  caufe 
an  increafe  in  the  bulk  or  dimenflons  of  the  body,  which  will  lafb  no  longer  than 
during  the  time  of  the  increafe. 

It  has  already  been  obferved,  that  the  temperature  at  which  different  bodies 
change  their  form  is  various.  Neither  this  property,  nor  the  expanfions  of  bo- 
dies by  heat,  have  been  obferved  to  have  any  correfpondence  with  their  denfity, 
hardnefs,  fpecific  gravity,  or  other  evident  properties.  There  are,  likewife,  fome 
irregularities  in  the  contraction  or  expanfion,  which  depend  on  circumftances  not 
yet  well  afceriained,  near  the  freezing  point,  of  water,  and  probably  other  fub- 
Itances.  Pure  water,  when  cooled,  is  obferved  to  contract  till  within  about 
eight  degrees  of  the  freezing  temperature,  where  it  begins  to  expand  ; and  it 
may  be  cooled  eleven  degrees  below  that  temperature,  and  flill  continue  fluid. 
An  adequate  explanation  of  the  circumftances  that  attend  the  converfion  of  bo- 
dies from  their  feveral  ftates  of  folidity,  fluidity,  and  vapour,  fcems  to  promife 
a more  intimate  acquaintance  with  the  nature  and  properties  of  the  particles  of 
bodies,  than  has  hitherto  been  obtained. 

Permanently  elaftic  fluids,  or  airs,  appear  to  differ  from  vapour  in  the  circum- 
ftance,  that  they  take  and  retain  the  elaftic  form  at  a lower  temperature.  There 
are  faCts  which  render  it  probable,  from  analogy,  that  a great  degree  of  cold 
would  convert  them  into  denfe  fluids. 

It  is  a felf-evident  truth,  that,  if  two  bodies  be  perfectly  equal  and  alike  in  all 
refpeCts,  and  have  the  fame  temperature,  they  will  poffefs  equal  quantities  of 
heat. 

Thus,  a pound  of  gold  will  poffefs  an  equal  quantity  of  heat  with  another 
pound  of  gold  at  the  fame  temperature,  a pound  of  water  will  poffefs  an  equal 
quantity  of  heat  with  another  pound  of  water  at  the  fame  temperature,  and  fo 
forth.  From  this  it  will  alfo  be  clear,  that  two  pounds  of  gold  will  poffefs  twice 
as  much  heat  as  one  pound  of  gold,  at  the  fame  temperature  ; and  generally, 
that  the  quantities  of  heat  in  bodies  of  the  fame  kind,  and  at  the  fame  tem- 
perature, will  be  in  proportion  to  their  quantities  of  matter,  or  their  weights. 

If  two  fuch  equal  and  fimilar  bodies,  that  differ  in  temperature,  be  brought 
together,  they  will,  by  communication,  acquire  a common  temperature,  and 
their  quantities  of  heat  will  by  that  means  be  rendered  equal.  For  this  purpofe, 
it  is  clear,  that  the  hotter  of  the  two  bodies  muft  have  communicated  half  its 
excefs  to  the  colder.  The  quantity  of  heat  in  one  of  the  two  equal  bodies  will 
therefore  be  an  arithmetical  mean  between  the  two  quantities  originally  poffefled 
by  each  of  them ; that  is  to  fay,  its  temperature,  or  the  common  temperature, 
will  exceed  that  of  the  colder  exaCtly  as  much  as  it  falls  fhort  of  the  hotter  bodies. 

If  the  two  bodies  had  been  unequal,  they  would  neverthelefs  have  acquired 
a common  temperature  by  communication;  but  the  excefs  of  heat  would  not  have 
been  equally  divided  between  them.  For  we  have  fhewn,  that  the  quantities  of 
heat  in  fuch  bodies,  at  the  fame  temperature,  are  in  proportion  to  the  quantities 
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of  matter.  If  the  furplus  of  heat  had  been  entirely  taken  awav,  it  is  obvious, 
■that their  temperature  would  have  been  n?f,de  equal,  and  their  heats  would  have 
been  in  that  proportion  ; and  there  is  no  other  way  of  adding  Lthe  furplus  to 
them,  fo-as  to;preferve‘the  fame  proportion,  but  by  giving  more  to  the  larger 
than  to  the  fmaller  body,  according  to  its  quantity.  I he  common  temperature 
that  they  acquire  (hews  that  this  is  done;  and  confequently,  that,  when  two  un- 
equal bodies  of  the  fame  kind  acquire  a common  temperature  by  communica- 
tion, the  excefs  of  heat  in  the  hotter  body  is  divided  between  them  in  proportion 
to  their  weights  or  quantises  of  matter. 

fftrom  this  it  is  likewife  evident,  that  the  quantities  of  heat  required  to  be 
added  to  or  taken  from  bodies  of  the  fame  kind,  to  produce  equal  changes  in 
their  temperature,  will  be  in  proportion  to  their  quantities  of  matter. 

The  foregoing  deductions  naturally  lead  us  to  the  confederation  of  an  inftru- 
ment proper  to  Ihow  the  temperatures  of  bodies.  Such  an  inftrument  will  re- 
quire to  be. placed  in  contaCt  with  the  body  under  examination,  in  order  that  it 
may  acquire  the  fame  temperature.  It  is  therefore  an  indifpenfable  condition, 
that  the  inftrument  fhould  be  of  that  fmall  bulk  as  not  fenfibly  to  heat  or  cool 
the  body  it  -touches  ; but  that  the  common  temperature  of  the  inftrument,  and 
the  body  irfelf  upon  contaCt,  may,  without  perceptible  error,  be  taken  for  the 
original  temperature  of  the  body.  Another  condition  equally  requifite  is,  that 
every  change  of  temperature  (ball  be  attended  with  fome  evident  change  in  the 
inftrument  by  which  it  may  be  afcertained.  The  expanfions  and  contractions  of 
bodies  are  the  moft  convenient  for  this  punpofe  Thefe,  however,  are  fmall, 
and  would  icquire  to  be  magnified  by  fome  mechanical  or  optical  contrivance,  if 
a folid  body  were  made  ufe  of.  But  the  final  left  change  in  the  bulks  of  fluids 
may  be  eafily  fhown,  by  the  happy  expedient  of  including  them  in  a bottle, 
whofe  neck  is  long  and  very  narrow  in  proportion  to  the  diameter  of  its  body. 
On  thefe  confiderations  the  thermometer  is  made.  It  confifts  of  a glafs  ball  or 
bottle  with  a long  narrow  tube  or  neck,  and  is  ;pardy  filled  with  mercury,  a 
fluid  preferable  to  all  others,  from  its  unchangeablenefs,  the  regularity  of  its  ex - 
panfici.s,  and  its  not  foiling  the  tube.  The  expanfions  or  contractions  of  the 
mercury  are  (hewn  by  the  rife  or  fall  of  its  furfaoe,  which  is  meafured  by  a gra- 
duated fcale  ufually  fixed  to  the  tube.  See  Thermometer. 

The  determination  of  the  correfpondence  between  the  degrees  of  the  thermo- 
meter, and  the  aCtual  variations  of  the  heats  of  fluids,  was  firft  accurately  deter- 
mined by  Mr.  de  Luc.  By  mixing  equal  quantities  of  water  at  different  tem- 
peratures, he  found  that  the  thermometer  very  nearly  indicated  the  arithmetical 
mean  between  the  two  temperatures,  and  confequently  that  its  indications  are 
fuch  as  truly  correfpond  with  the  qualities  of  heat. 

As  thefe  fundamental  experiments  cannot  be  too  ftri&ly  examined,  the  fol- 
lowing doubt  remained  to  be  confidered,  namely,  whether  the  dtfpofition  to 
give  out  or  to  receive  heat,  weie  the  fame  in  water  at  all  temperatures?  be- 
caufe  it  is  clear,  that  if  this  difpofition  be  changed  by  heating  or  cooling,  the 
temperature,  or  power  to  heat  or  cool  other  bodies,  will  not  follow  the  fame 
proportion  as  the  quantities  of  heat ; though  it  n ay  be  imagined,  not  without 
probability  in  t is  cafe,  that  correfpondent  it regularities  in  the  expanfions  of  the 
mercury  may  caufe  the  thermometer  to  indicate  the  arithmetical  means  between 
the  two  expanfions  produced  by  an  extreme  temperature.  But  whatever  irregu- 
larities may  be  fuppofed  to  counteract  each  other  in  thefe  experiments  with  mer- 
cury and  water,  it  is  to  the  lait  degree  improbable  that  the  fame  compenfation 
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would  be  found;  when  the  mean  temperature  is  obtained  by  other  methods. 
With  this  view,  the  celebrated  Dr.  Crawford*  very  carefully  repeated  and  con- 
firmed Mr.  de  Luc’s  experiments,  made  others  with  a like  refult,  by  tiling  lint- 
feed  oil  inftead  of  water,  and  alfo  bv  producing  the  mean  temperature  perma- 
nently in  air  included  in  a cylinder  formed  of  two  equal  parts,  the  upper  of 
which  was  kept  to  the  freezing  point,  by  furrounding  it  with  pounded  ice,  and 
the  lower  to  the  boiling’  water  point, . by  furrounding  it  with  a greater  lupply  of 
fleam  than  could  be  condenfed  by  its  contact.  The  near  correfpondence  of  thefe 
feveral  methods;  that  the  expanfions  of  mercury  in  the. thermometer  are  corre- 
fpondent  with  the  heat  it  receives. 

Thus  far  we  have  attended  only  to  the  communication  of  heat  between  bodies 
of  the  fame  kind';  but  when  two  equal  bodies  of  different  kinds  produce  a com- 
mon temperature  by  communication,  it  feldom  happens  that  it  proves  to  be  an 
arithmetical  mean  between  the  two  original  temperatures.  In  luch  cafes,-  it  is 
evident,  that  the  heat,  which  was  communicated  from  one  to  the  other,  has  not 
altered  their  temperatures  equally,  but  has  raifed  or.  lowered  that  of  the  one  more 
than  it  has  lowered  or  raifed  that  of  the  other.'  And  as  the  proportion  between 
the  number  of  degrees  through  which  one  of  the  two  bodies  is  thus  raifed,  and 
the- other  lowered,  is  found,  by  experiment,  to  be  the  fame,  however  different 
the  two  original  temperatures  may  have  been,  provided  no  change  of  form  or 
chemical  combination  has  been  produced  in  either  of  them  ; it  is  a general  con- 
fequence,  that  the  quantity  of  heat  required  to  alter  the  temperature  of  one  of 
the  bodies ^a  fingle  degree,  or  any  other  equal  parr,  will  be  greater  or  lefs  than 
would  be  required  to  produce  the  fame  change  in  the  other  body,  in  proportion 
as  the  changes  produced  by  the  communicated  heat  were  lefs  or  greater. 

The  whole  heat  in  each  body*  when:  they  have  the  fame  temperature,  muft 
confift  of  the  fame numbermf:  degrees  : the  proportion  between  the  whole  heats 
of  the  bodies  will,  therefore,  be  the  fame  as.  between  the  heats  required  to  raife 
each  of  them  a (ingle  degree  : that  is  to  fay,  the  comparative  heats  of  bodies,  at 
the  fame  temperature,  will  be  in  the  inverfe  proportion  of  the  number  of  de- 
grees their  temperature  is  altered  by  the  tranfmiffion  of  the  fame  quantity  of. 
hear. 

To  illudrate  this  by  an  example  in  round  "numbers  : Suppofe  a pint  of  mer- 
cury, at  the  temperature  of  136°,  be  mixed  with  a pi"t  of  water  at  50°,  the  mean 
temperature  will  be.760.  The  water,  therefore,  has.  been  heated  26°,  and  the 
mercury  has  been,  cooled  6o°,  by  the  lofs  of  the  heat  it  imparted  to  the  water. 
The  abfolute  heat  in  one  degree  of  the  mercury  will,  confequently,'  be  propor- 
tionally lefs  than  that  of  one  degree  of  the  water;  becaufe  the  very  fame  heat,  . 
which  has  raifed  the  water  26°  in  temperature,  would  raife  - the  mercury  60,  if 
it  could  be  returned  again ; and  the  whole  heat  contained  in  the  mercury  will  be 
to  that  ofnhe  water  in  the.  fame  proportion  ;of  26  to  60.  But;  in' the  prefent  - 
experiment,  equal  bulks  were  ufed  ; and  mercury  is  about  thirteen  times  as  heavy  as 
water;  and  equal- weights  of  mercury  would  contain  only  one  thirteenth  part  of 
the  hear. . Twenty-fix;  divided  by  13,  quotes  2.  Whence  the  comparative  heats 
of  mercury  and  water  are  in  the  proportion  of  about  2 to  60,  or  1 to  30  ; that 
is  to  fay,  a pound  of  mercury,  at  the  fame  temperature,  contains  mo  more  than 
one  thirteenth  part  of  the  heat  contained  in  a pound  of  water. 

* On  Heat.  London,  1788.  This  valuable  performance  contains  the  theory  and  moS  of 
the  fatts  relating  to  heat,  and  dtferves  to  be  made  a part  of  the  library  of  every- natural  philofopher. 
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It  may  be  obferved,  that  the  term  comparative  heat  is  ufed  to  denote  the  pro- 
portion of  the  ablolute  quantity  of  heat  in  one  body  to  that  of  another  equal  mafs 
of  matter  at  the  fame  temperature,  confidered  as  a ftandard.  d he  ftandard  made 
ufe  of  is  pure  water  in  a fluid  date.  Some  writers  call  this  fpecific  heat.  The 
difpofition  or  property  by  which  bodies  feverally  require  more  or  lels  heat  to 
produce  equal  changes  in  their  temperature,  is  called  their  capacity  for  heat. 
Thefe  capacities  are  confidered  as  the  unknown  caufe  of  the  difference  in  their 
comparative  heats,  to  which  they  are  confequently  proportional. 

It  is  found  by  experiment,  that  the  capacity  of  the  fame  body  for  heat  is  leafl 
when  folid,  greater  when  fufed  or  fluid,  and  greateft  of  all  when  it  becomes 
converted  into  vapour,  or  elaftic  fluid. 

Alfo,  when  bodies  unite  by  virtue  of  chemical  attra&ion,  their  capacities  arc 
feldom  the  fame  as  the  furn  of  the  capacities  of  the  bodies,  but  almoft  always 
either  greater  or  lefs. 

As  the  experiments  relating  to  the  capacities  of  bodies  cannot  be  here  given 
at  large,  it  will  be  proper  to  mention,  by  way  of  inference,  fome  of  the  chief 
confequences  of  this  mod  luminous  doftrine  ; firft  premifing,  however,  that 
thefe  indu&ions  have  all  been  verified  by  experiment*. 

The  capacities  of  ice  and  fluid  water  are  found  to  be  as  9 to  10.  Ice  cannot, 
therefore,  be  converted  into  water,  unlefs  it  be  fupplied  with  as  much  heat  as  is 
fufficient  to  anfwer  the  difference  of  capacity.  Thus,  if  equal  quantities  of  ice 
and  water,  both  at  the  temperature  of  320,  or  the  freezing  point,  be  expofed 
in  fimilar  veflels,  at  the  fame  distance  from  a fire,  both  will  receive  heat  alike, 
and  the  ice  will  be  melted  into  water  at  32°,  while  the  water  in  the  other  veffel 
will  have  its  temperature  raifed  to  178°.  Here  it  is  obvious,  that  the  fame  heat 
which  raifed  the  water  to  146°,  was  merely  fufficient  to  fupply  the  i icreafed  ca- 
pacity of  the  ice ; for  which  reafon  this  laft  had  not  its  temperature  raifed  at  all. 
If  the  experiment  be  more  accurately  made,  by  mixing  equal  weights  of  water 
at  78°  and  ice  at  3 i°,  the  fame  ccnfequence  will  follow;  for  the  ice  will  be 
melted,  and  the  common  temperature  will  be  32°;  becaufe  the  ice  in  melting 
receives  no  augmentation  of  temperature  by  abforbing  the  whole  146®  of  heat 
from  the  water,  by  virtue  of  its  increafed  capacity  when  it  becomes  fluid. 

And  fo,  likewife,  when  water  is  frozen  by  the  lofs  of  its  heat,  communicated 
to  a cold  atmofphere  or  other  contiguous  bodies,  the  procefs  of  cooling  goes 
on  till  ice  begins  to  be  formed  ; but  during  the  whole* time  of  the  converfion  of 
the  water  into  ice,  the  temperature  remains  ftation.iry,  becaufe  the  diminifhed 
capacity  of  the  ice  caufes  it  to  give  out  heat,  the  continual  evolution  of  which 
fupolies  the  refrigerating  bodies  with  as  much  a~  t heir  energy  of  cooling  might 
otherwife  have  taken  to  caufe  a diminution  of  the  temperature.  When  the 
whole  is  frozen,  this  fupply  of  extricated  heat  ceafes ; and  therefore  the  caufe, 
that  cooled  the  water  at  firft,  goes  on  in  cooling  the  ice,  till  the  common  tem- 
perature is  produced. 

In  all  experiments,  wherein  the  capacities  of  the  fame  bodies  are  changed,  and 
the  difference  between  thequaniities  of  heat  in  the  fame  body,  in  both  dates,  at 
one  common  temperature,  is  known  in  the  degrees  of  the  thermometer,  we  may 
derive  the  advantage  of  finding  the  abfolute  quantities  of  heat  in  degrees  of  the 
thermometer,  or  the  number  of  degrees  which  any  particular  point  or  temper- 
ature is  remote  from  the  true  zero,  or  point  of  abfolute  privation  of  all  heat. 

* For  which  confuk  Dr.  Crawford’s  Treatife,  already  fpoken  of. 
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Tojlluftrate  this  curious  pofttion,  the  experiments  on  ice  and  water,  juft  rela- 
ted, may  be  made  ufe  of.  The  whole  quantities  of  heat,  in  thefe  two  ftates, 
are  as  9 to  10.  It  is  plain,  therefore,  when  water  freezes,  it  rnuft  give  out . 
one-tenth  of  its  whole  heat ; and  this  tenth  part,  by  the  experiment,  is  found  to 
amount  to  146°  of  Fahrenheit’s  thermometer;  confequently  its  whole  heat  is  ten 
times  146°,  or  1460°;  when  its  temperature  is  320  above  Fahrenheit’s  zero. 
Whence  the  natural  zero  is  at  1428°. 

Nodiredt  experiment  has  )'et  been  made  to  (hew  the  capacity  of  fteam  with 
relation  to  water.  An  indirect  experiment  of  Dr.  Crawford  makes  it  as  154.  to 
10*.  It  is  accordingly  found,  that  fteam,  in  its  condenfation  into  water,  gives 
out  as  much  heat  as  would  raife  the  temperature  of  an  equal  quantity  of  non- 
evaporable  matter,  of  the  fame  capacity  as  water,  914  degrees.  This  heat  it 
mult  have  taken  up  at  its  formation.  Whenever  water  is  heated,  we  may,  con- 
fequently, confider  the  heat  as  difpofed  of  in  two  ways.  Part  raifes  the  tem- 
perature, and  part  is  employed  in  fupplying  the  elaftic  vapour  which  flies  o(F 
with  the  heat  its  increafed  capacity  requires  at' that  temperature.  The  greater 
the  quantity  of  fteam,  the  larger  will  be  the  proportion  of  heat  employed  in  this 
laft  way.  Now  it  is  found,  that  a difficulty  attends  the  production  of  fteam, 
in  proportion  as  effective  obftacles  are  oppofed  in  the  way  of  its  expanfion  or 
efcape.  If  the  water  be  heated  in  a clofe  veflel,  fuch  as  the  Digefter  of  Papin, 
no  fteam  will  be  formed  ; if  there  be  a fmall  hole  for  the  fteam  to  efcape,  there 
will  be  lefs  formed  than  if  the  whole  furface  of  the  fluid  Were  uncovered  ; and  if 
the  fu  perineum  bent  atmofphere  be  removed,  as  in  the  vacuum  of  an  air  pump, 
the  production  will  be  greateft  of  all.  In  every  cafe  where  the  fteam  can  efcape, 
it  will  be  produced,  until  the  quantity  of  heat  employed  in  forming  the  elaftic 
ftate  has  become  equal  to  the-fupply  of  heat  communicated  to  the  fluid  itefcapes 
from.  At  this  period,  the  temperature  of  the  fluid  will  become  invariable,  but 
the  quantity  of  (team  thrown  off  will,  in  like  circumftances,  be  proportioned  to 
the  facility  of  its  efcape.  The  ftationary  heat  of  the  fluid  will  be  governed,  not 
by  the  heat  applied,  but  by  the  fame  facility  of  efcape.  Water  in  the  open  air 
boils  violently,  and  acquires  a fixed  temperature  at  2120  of  Fahrenheit.  But 
this  varies  a little,  as  the  weight  of  the  air  varies  and  oppofes  a different  reftft- 
ance  to  the  fteam.  See  Thermometer.  It  has  been  ftated,  and  with  fome 
probability,  that  the  remould  be  no  interval  of  fluidity  between  the  folid  and 
the  vaporous  ftates,  if  it  were  not  for  the  preflure  of  the  atmofphere. 

From  this  principle  of  the  enlarged  capacity  of  vapour,  it  is  eafy  to  account 
for  the  cold  produced  by  evaporation.  Every  one  is  acquainted  with  the  cold 
produced  by  wetting  the  hand  with  water,  and,  ftill  more,  with  fpirits  of  wine. 
The  hand  is  the  fource  of  heat  to  the  water,  and  would  raife  its  temperature  to 
930,  if  no  evaporation  took  place.  But  as  the  water  flies  off  in  fteam,  the  fta- 
tionary temperature  is  produced.at  a lower  degree,  for  the  reafonsjuft  mentioned. 
The  hand  muft  therefore  receive  the  fenfation  of  cold  from  the  water  which  en- 
velops it,  and  this  fenfation  will  continue  till  it  is  all  evaporated. 

Spirit  of  wine  or  ether,  being  more  evaporable,  have  their  ftationary  point  of 
temperature  lower  than  water  in  fimilar  circumftances  of  expofure.  The 
freezing  of  water  by  means  of  ether  affords  a ftriking  inftance  of  this  effedt. 
Water  is  included  in  a thin  glafs  tube,  and  the  outfide  of  the  tube  is  kept  con- 
tinually wetted  with  ether,  by  means  of  a bottle  with  a capillary  tube  in  its  neck. 
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through  which  the  ether  is  poured.  The  confequence  of  the  fpeedy  evaporation 
of  this  very  volatile  fluid  is,  that  in  a very  fhort  time  the  included  water  is  fud- 
denly  converted  into'iee,  even  before  a fire,  or  in  the  midft  of  fummer. 

There  appears  to  be  no  difficulty  in  accounting  for  the  cold  produced  by  the 
evaporation  of  water  from  the  furface  of  the  hand  ; becaufe  it  is  perfectly  analo- 
gous to  the  fail  where  a (lationary  temperature,  or  boiling  point,  is  produced 
over  a fire.  But  in  the  experiment  with  ether  it  may  feem  remarkable,  that  the 
refrigeration  is  carried  to  a point  fo  far  beneath  that  of  every  one  of  the  fur- 
rounding bodies.  This  may,  however,  be  explained  from  an  attention  to  what 
is  obferved  to  happen  with  water.  If  water  were  inclofed  in  a ftrong  metallic 
veflel,  and  furrounded  on  all  fides  with  ignited  coals,  there  is  no  doubt,  from 
the  general  courfe  of  fads,  but  that  it  would  become  gradually  hotter,  until  it 
either  burft  the  veflel  by  its  expanfive  force,  or  acquired  a temperature  equal  to 
that  of  the  coals.  But  if  an  hole  be  fuddenly  opened,  after  the  temperature  has 
increafed  beyond  the  common  boiling-water  point,  it  is  found  that  a fudden  ex- 
trication of  fleam  takes  place,  and  the  fluid  immediately  falls  to  the  temperature 
of  boiling  water.  Now  the  ether,  being  much  more  volatile  than  water,  may  be 
confidered,  when  confined  in  a bottle,  to  be  in  a ftate  fimilar  to  that  of  water  in 
Papin’s  Digefter ; and  the  furrounding  bodies  ad  upon  the  bottle  like  the  coals 
in  the  former  inftance.  The  included  ether  acquires  the  common  temperature, 
becaufe  it  is  prevented  from  afliiming  the  vaporous  ftate,  and  has  not  elafticity 
enough  to  break  the  veflel.  But  as  foon  as  this  fluid  is  fet  at  liberty,  it  evapo- 
rates readily,  and  becomes  cooled  down  towards  a ftationary  degree  of  tempera- 
ture; at  which  if  acquired,  the  heat  carried  off  by  the  vapour  would  be  ac- 
curately equal  to  that  fupplied  by  the  furrounding  bodies.  This  temperature, 
at  the  furface  of  ether  expofed  in  our  climate,  is,  on  account  of  its  volatility, 
confiderably  below  the  freezing  point  of  water;  and  therefore,  whenever  a thin 
ftratum  of  ether  is  made  to  furround  a fmall  veflel  of  water,  it  is  no  wonder  it 
robs  it  of  fo  much  heat  as  to  congeal  it  in  a fhort  time. 

The  effed  of  freezing  mixtures  is  another  evident  confequence  of  this  doc- 
trine of  the  change  of  capacities  of  bodies  for  heat.  When  common  fait  is  added 
to  water,  in  as  large  a quantity  as  can  be  diffolved,  the  brine  is  much  more  diffi- 
cult of  congelation  than  mere  water;  fo  much  fo,  that  it  does  not  acquire  the 
folid  ftate  until  it  is  cooled  as  low  as,  6°  below  o°  on  Fahrenheit’s  fcale ; or  38° 
below  the  freezing  point  of  water.  Suppofe  now,  that  the  fait  be  mixed,  not 
with  water,  but  with  fnow,  or  pounded  ice.  Thefe  two  fubftances  will  be  dif- 
pofed  to  combine  together  as  before,  but  much  of  the  effect  will  depend  on  the 
temperature.  If  this  be  fo  low,  as  that  the  combination  may  preferve  the  folid 
ftate,  the  external  parts  in  contad  of  each  will  indeed  unite ; but  they  will  form 
a folid  combination',  that  will  effedually  prevent  the  internal  parts  from  ap- 
proaching each  other,  and  accordingly  little  or  no  perceptible  progrefs  will  be 
made  towards  the  union  of  the  whole  ma  s.  But  if,  on  the  contrary,  the  tempe- 
rature be  higher  than  this,  the  combination  will  be  the  fluid  brine,  though  the 
fnow  and  ice  were  folid  before;  and  this  for  the  plain  reafon,  that  the  brine  re- 
quires a lefs  heat  to  fufe  it,  than  would  have  been  requifite  to  fufe  the  ice  alone. 
The  aflumption  of  rhe  fluid  ftate  in  thefe  bodies  will  increafe  their  capacity,  and 
they  will  be  difpofed  to  deprive  the  furrounding  bodies  of  heat ; that  is  to  fay, 
they  will  be  colder  than  before.  If  the  quantity  of  fnow  and  fait  be  confiderable, 
and  there  be  no  bodies  at  hand  which  can  readily  fupply  the  heats  required,  the 
brine  firft  produced  will  cool  ths  fnow  and  fait  in  its  vicinity;  and  thefe,  when 
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liquefied,  will  cool  the  reft  of  the  fnovv  and  fait  ftill  more  effe&ually.  When  the 
temperature  of  the  whole  is  by  this  procefs  reduced  as  low  as — 6°,  or  the  freezing 
point  of  the  brine,  the  liquefaction  will  flop,  or  it  will  proceed  more  flowly  or 
fafter,  in  proportion  as  the  requifite  heat  can  be  fupplied.  It  may  therefore  be 
eafily  underftood,  that  if  a mixture  of  this  kind  be  placed  in  a veffel,  and  a 
fmaller  veffel  containing  water  be  plunged  in  it,  the  cooling  procefs  will  freeze 
the  water.  It  is  likewife  evident,  that  fuch  mixtures  can  defcend  in  tempe- 
rature no  lower  than  a certain  fixed  degree,  which  is  their  own  freezing 
point  *. 

There  are  other  freezing  proceffes  effe&ed  by  the  mere  liquefaction  or  folution 
offalts  in  water,  which  alfo  appear  to  depend  on  the  increafed  capacity  of  thefalt,or 
more  probably  of  the  water  contained  in  them  Among  a variety  of  proceffes  of 
this  kind  defcribed  in  the  Philofophical  TranfaCtions,  the  following  may  be  fe- 
leCted,  not  as  the  mod  powerful,  but  becaufe  the  materials  are  cheap,  and  well 
known.  Equal  parts  of  faltpetre  and  fal- ammoniac  are  to  be  reduced  to  a fine 
powder.  It  four  ounces  of  water  be  poured  on  three  ounces  of  this  mixture,  the 
folution  will  fink  the  thermometer  36  degrees  : and  as  it  is  eafy  in  this  country 
to  have  pump  water,  at  any  feafon,  as  cool  as  50°,  this  addition  will  cool  it  to 
1 40,  which  is  therefore  fufficient  to  freeze  water  in  a phial  plunged  in  it.  If 
the  water  cooled  in  a firfi:  procefs  be  ufcd  to  reduce  other  water  and  falts  to  the 
temperature  of  about  3 2°,  and  thefe  be  applied  to  the  performance  of  a fecond 
procefs,  the  temperature  will  be  much  lower,  viz.  40  below  o°. 

Without  entering  more  largely  into  examples  of  the  change  of  capacity  for 
heat  in  bodies  which  are  changed  in  their  form  or  flate  of  chemical  combina- 
tion, it  may  be  obferved  in  general,  that  as  the  powers  of  gravity  and  projection, 
in  continual  oppofition  to  each  other,  produce  all  the  varied  effeCts  of  pofition, 
and  its  confequences,  in  the  great  fyftem  to  which  they  are  effential;  fo  among 
the  aCtions  of  the  minute  parts  of  bodies,  the  cohefive  attraction  and  the  energy 
of  heat  are  in  continual  oppofition,  and  are  concerned  in  every  procefs  of 
change  in  their  peculiar  properties.  It  is  certain,  that  the  particles  of  bodies  do 
not  touch  each  other,  but  are  held  in  equilibrio  at  a certain  diftance,  which 
varies  with  the  tdtnperature,  as  is  deduced  from  the  expanfions  and  contractions 
dependant  on  this  caufe.  What  might  be  the  confequences  of  an  extreme  de- 
preffion  of  temperature,  we  are  nor  likely  ever  to  difeover,  and  conjecture  leads 
us  very  little  in  the  doCtrine  of  heat.  It  may  be  obferved,  that  the  changes  of 
capacity  in  bodies,  when  they  take  the  folid,  fluid,  or  vaporous  flate,  are  greatly 
conducive  to  the  prefervation  of  a more  equal  temperature,  than  would,  other- 
wife  be  found  in  the  diftriCts  around  us.  The  cold  produced  by  evaporation 
mitigates  and  conducts  to  other  parts  the  ftrong  heats  of  the  torrid  zone,  and  the 
heat  ceveloped  on  the  freezing  of  water  prevents  the  cold  countries  from  being 
cooled  as  far  below  the  freezing  point  as  might  otherwife  happen.  If  the  ca- 
pacities of  water  and  ice  were  equal,  the  freezing  of  immenfe  bodies  of  water 
would  fcarcely  be  progreffive,  but  would  take  place  the  inftant  the  whole  was 
cooled  to  320;  and  (o  likewife  the  thawing  of  immenfe  bodies  of  fnovv,  and  of 
mountains  of  ice,  would  be  performed  in  the  fhort  time  of  the  tranfmiflion  of 
heat  requifite  to  elevate  its  temperature  the  minuted  portion  of  a degree  above 
the  temperature  of  folidity. 

* Crawford,  p.  474. 

f Walker,  in  Philof.  Tranf.  vol.  Ixkvu  and  Ixxviii. 
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There  are  various  methods  ufed  to  increafe  the  temperature  of  bodies.  The 
fridlion  of  two  pieces  of  wood  againft  each  other  in  a turner’s  lath  produces  heat 
and  flame.  A nail  may  be  made  red  hot  by  quickly  hammering  it,  or  by  the 
adtion  of  a dry  grindftone ; and  when  flint  and  fteel  are  ftruck  together,  fmall 
particles  of  the  fteel  are  feparated,  which  are  in  a ftrong  ftate  of  deflagration  ; 
and  upon  examination  with  the  microfcope  are  found  to  have  been  fufed  into 
Iiollow  greyifh  balls.  From  thefe  fadts  it  appears,  that  as  heat  increafes  the  di- 
menfions  of  bodies,  fo  the  diminution  of  the  magnitude  of  bodies  by  mechanical 
adtion,  caufes  them  to  give  out  heat,  which  if  fuddenly  extricated  will  even 
produce  a ftrong  ftate  of  ignition.  The  fun’s  light,  concentrated  by  a lens  or 
mirror,  is  found  to  produce  the  moft  aftonifhing  effedts,  -by  railing  the  tempera- 
ture of  bodies;  as  does  likewife  the  eledtric  (hock,  both  of  which  far  exceed  thofe 
of  our  furnaces.  Many  chemical  mixtures,  wherein  a rapid' combination  and 
change  of  capacity  take  place,  produce  ignition  and  flame.  But  the  operations 
of  chemiftry,  and  the  arts  that  require  an  increafe  of  temperature,  are  generally 
performed  by  the  contadl  of  bodies  in  a ftate  of  combuftion.  See  Combustion, 
Air  Vital,  and  Phlogiston. 

Light  and  heat  differ  from  each  other  in  their  chemical  effedts,  as  many  expe- 
riments fhew.  The  heat  produced  in  the  focus  of  a mirror  or  lens  is  not  exadtly 
in  proportion  to  the  quantity  of  light,  but  in  feme  meafure  depends  on  its  di- 
redtion  ; fo  that  the  fame  quantity  of  light  at  the  focus,  fpread  over  an  equal  fur- 
face,  will  heat  more  than  if  either  within  or  beyond  it.  Part  of  the  heat  of  a 
fire,  though  not  luminous,  is  thrown  off  in  rays  fubjedt  to  the  fame  laws  of  re- 
flection as  light,  but  not  like  it  tranfmitted  through  glafs.  This  is  plainly  fhewn 
by  interpofing  a pane  of  glafs  between  a fire  and  the  face  of  an  obferver.  The 
light  will  pafs  through,  but  the  heat  will  be  intercepted,  and  will  be  employed 
in  railing  the  temperature  of  the  glafs*.  And  accordingly  the  heat  of  the  fire 
will  not  be  increafed  in  the  focus  of  a fpeculum  of  glafs,  though  a metallic  fpecu- 
lum  will  produce  a great  effedt.  A bright  table  fpoon  may  be  ufed  for  this  ex- 
periment, inftead  of  a mirror.  If  two  metallic  concave  fpeculums  be  fo  placed 
at  a diftance  from  each  other,  that  their  axis  may  coincide,  and  an  iron  heated 
below  ignition  be  placed  in  the  focus  ''of  parallel  rays)  of  on€  mirror,  there  will 
be  an  image  of  the  iron  formed  in  the  focus  of  the  other;  at  which  if  a thermo- 
meter be  applied,  its  temperature  will  be  raifed.  Whence  it  follows,  that  the 
heat  radiating  invifibly  from  the  iron  is  governed  by  the  fame  laws  as  the  light, 
which  forms  the  image.  It  is  likewife  found,  that  a freezing  mixture  p,  placed  in 
the  fame  firuation,  will  deprefs  the  thermometer  by  the  addon  of  its  focal  image.. 
This  has  been  thought  to  evince  the  material  nature  of  cold,  which  has  in  every 
theory  been  fuppo fed  to  be  the  mere  negation  of  heat.  It  does  not,  however, 
appear  to  prove  any  thing  more,  than  that,  in  the  prefent  conftitution  of  the 
world,  heat  is  emitted  in  all  diredtions  by  all  bodies;  and  that  the  freezing  mix- 
ture intercepts  a portion,  which  would  have  pafled  through  the  focus  of  one  mir- 
ror, and  proceeded  to  the  other.  The  freezing  mixture  does  the  fame  thing  as 
to  the  heat,  which  a black  fubftance  would  have  effedted  with  regard  to  light.  A 
black  fubftance  in  one  focus  would  have  been  vifible  in  the  other;  not  by  the 
emiffion  of  rays  of  darknefs,  but  by  the  interruption  and  privation  of  as  much, 
.light  as  would  elfe  have  proceeded  from  its  apparent  place.  See  Light., 

* Scheele  on  Air  and  Fire,  p.  70.  Eng.  tranflation. 

t By  M.  Piftet,  but -I  forget  where  mentioned. 
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Whether  heat  be  matter  or  motion,  is  a queftion  which  has  not  yet  been 
well  fettled.  If  heat  be  nothing  more  than  an  inteftine  or  vibratory  motion  of 
the  particles  of  bodies,  its  communication,  or  tranfmiffion,  may  be  eafily  ex- 
plained, and  with  much  fimplicity,  from  the  general  laws  of  motion.  But  its 
abforption  and  extrication  in  the  phenomena  of  freezing,  or  combuftion,  in  the 
latter  of  which  a fingle  fpark  of  ignited  matter  may  produce  the  rnoft  violent 
conflagration  through  an  extenfive  town,  do  not  feem  to  be  as  eafily  accounted 
for  by  the  laws  of 'motion,  without  hypothetical  affumptions,  as  by  the  fuppofi- 
tion  of  a peculiar  matter  called  heat.  It  may,  perhaps,  be  fufficient  on  this  fub- 
jetft  to  obferve,  that  the  effefts  of  heat  will  not  eafily  admit  of  comparifon  or 
analogy  with  any  of  the  other  appearances  in  nature  -y  but  can  only  be  exa- 
mined by  experimental  refearch. 

Attempts  have  been  made  to  determine  whether  the  weight  of  bodies  isaffeded 
by  the  greater  or  lefs  quantity  of  heat  they  may  contain.  Dr.  George  For- 
dyce  * weighed  about  1 700  grains  o.f  water  in  a bottle  hermetically  fealed,  when 
unfrozen,  at  the  temperature  of  320,  and  in  a room  wherein  the  air  was  of  the 
fame  temperature.  The  water  being  then  frozen,  was  found,  to  be  near  one  fix- 
teenth  of  a grain  heavier'.  Sir  Benjamin  Thompfon  obtained  the  fame  conclu- 
flon,  by  counterpoifing  water  againft  fpirit  of  wine,  and  expofing  the  apparatus 
to  a cold  atmofphere,  which  froze  the  former.  In  this  laft  experiment  the  only 
apparent  caufe  of  error  feems  to  be,  that  the  water  might  not  at  firfl  be  cooled  fo 
low  as  the  fpirit,  in  which  cafe  an  afeending  current  of  air  might  have  rendered 
the  water  more  buoyant.  But  this  error,  if  it  exifted,  tends  to  confirm  the  con- 
clufion  in  which  the  water  preponderated. 

Hence  it  is  feen,  that  heat  diminifhes.  the  attraction  of  gravity,  as  it  alfo  does 
that  of  cohefion,  and  probably  thafe  obferved  in  chemiftry,  though  its  operation 
in  producing  the  fluid  ftate  is  fo  favourable  to  combination,  as  to  render  the  ob- 
fermion  of  this  laft  efted  difficult.  Whether  the  operation  of  heat  in  the  dimi- 
nution of  the  power  of  gravity  may  have  any  perceptible  effeCt  in  enlarging  the 
diftances  and  periodical  times  of  the  inferior  planets,  lliu ft  be  left  to  the  deter- 
mination of  aftronomers.. 

Here  follows  a table  of  the  comparative  heats,  or,  capacities  ofbodics  for  hear, 
extraded  from  Dr.  Crawford’s  work.  In  this  table,  the  capacity  of  water  is 
ufed  as  the  ftandard  of  comparifon  or  unity.  The  numbers  will  therefore  de- 
note the  whole  quantities  of  heat  in  equal  weights  of  the  feveral  bodies  refpec- 
tively  at  like  temperatures,  admitting  that  the  capacities  remain  unchanged  at 
all  temperatures ; or  they  will  denote  the  relative  quantities  of  heat  required'  to 
caufe  equal  changes  in  the  temperature  of  fuch  bodies ; and'  hence  the  changes 
of  temperature  caufe,d  by  the  iofs  or  gain  of  equal  quantities  of  heat  will  be  in? 
verfeJy  as  thofe  numbers. 

T A B L E. 


'The.  Comparative  Heats  of  Different  Be  dies-. 


Inflammable  air 

2.1 ,4000 

Arterial  blood 

1,0300 

iDephlogifticated  air 

4,7490 

Water 

1,0000 

Atmofpherical  aim 

1,7900 

Frelb  milk  of  a cow 

H999 

Aqueous  vapour 

D55°° 

Venous  blood 

,8928 

.Fixed  air 

1,0454 

Phlogifticated  air 

>7936 

*"  Plul.  Tranf. 

Ixxv.  p.  362. 
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Hide  of  an  ox  with  the  hair  - ,7870 

Lungs  of  a Cheep  - - ,7690 

Lean  of  the  beef  of  an  ox  - ,7 400 

Alcohol  - - ,6021 

Rice  - - ,5060 

Horfe  beans  - - ,5020 

Spermaceti  oil  - - ,5000 

Duft  of  the  pine  tree  - *5000 

Peas  - ,4920 

Wheat  - - ,4770 

Barley  - - ,4210 

Oats  - - ,4160 

Vitriolic  acid  - - ,4290 

Pit  coal  - - ,2777 

Charcoal  - - 32631 

Chalk  - - 32564 

Ruft  of  iron  - - 32500 

Walhed  diaphoretic  antimony  ,2272 
Calx  of  copper,  nearly  freed 

from  air  - - ,2272 

Quicklime  - ~ 3*229 


Cinders  _ - ,1923 

Allies  of  cinders  - - ,1855 

Ruft  of  iron,  nearly  freed  from 
air  - ,1 666 

Walhed  diaphoretic  antimony, 
nearly  freed  from  air  - ,1666 

Alhes  of  the  elm  tree  - ,1402 

Calx  of  zinc,  nearly  freed  from 

air  - - - ,1369 

Iron  - - - ,1269 

Brafs  * - - ,1123 

Copper  - - ,1111 

White  calx  of  tin,  nearly  freed 

from  air  - - ,0990 

Regulus  of  zinc  - - ,0943 

Allies  of  charcoal  - 30909 

Tin  - - 30704 

Yellow  calx  of  lead,  nearly 

freed  from  air  - ,0680 

Regulus  of  antimony  - 30645 

Lead  - - ,0352 


HEDRRiE,  GUM.  Lemery  fays,  that  this  gum  exfudes  from  incifions  made 
in  the  hedera  arborea,  or  tree  ivy,  whence  it  is  collected  by  the  peafants  in  Italy, 
Provence,  and  Languedoc.  The  account  is  confirmed  by  Pomet;  but  Neu- 
mann, from  unfuccefsful  enquiries  made  on  his  own  travels,  is  difpofed  to  confi- 
der  the  account  as  doubtful,  though  he  learned  that  it  was  the  produce  of  Sicily 
and  the  kingdom  of  Naples. 

This  gum  refin,  when  genuine,  is  of  a bright  tranfparent  reddifti  brown 
colour,  deeper  than  ftie  hyacinth,  and  approaching  to  the  garnet;  when  reduced 
to  powder,  of  a faffron  yellow,  and  of  an  agreeable  aromatic  tafte  and  fmell. 
From  an  ounce  of  this,  Neumann  obtained  five  drams  and  a half  of  refinous  ex- 
tract by  folution  in  ardent  fpirit,  and  of  the  refidue  water  took  up  half  a dram, 
and  left  two  drams  of  infoluble  refidue.  When  water  was  applied  firft  to  another 
ounce,  it  took  up  two  drams  of  gummy  matter,  and  of  the  refidue  fpirit  diftolved 
three  drams  two  fcruples,  and  left  two  drams  and  half  a fcruple  undiftolved. 
By  diftillation  with  ardent  fpirit,  the  fluid  came  over  with  a flight  tafte  of  the 
gum  refin.  Water  diftilled  from  the  hederse  was  confiderably  impregnated 
both  with  the  tafte  and  fmell,  and  brought  over  a fmall  quantity  of  effential  oil, 
lefs  hot  to  the  tafte  than  other  oils  of  that  chafs. 

HELIOTROP1UM.  The  dyers  ufe  a blue  pafte  under  the  name  of  Litmus, 
which  is  fuppofed  to  be  prepared  from  the  heliotropium  tricoceum,  which  grows 
wild  about  Montpellier.  According  to  M.  Niflole  of  the  French  Academy, 
quoted  by  Savary  in  his  Didtionnaire  de  Commerce,  the  colouring  juice  is  ob- 
tained from  the  tops  of  the  plant,  gathered  in  Auguft,  ground  in  mills,  and  then 
committed  to  the  preft.  The  juice  is  expofed  to  the  fun  for  about  an  hour  ; 
rags  are  then  dipped  in  it,  dried  in  the  fun,  moiftened  by  the  vapour  which 
arifes  from  the  flaking  of  quick  lime  with  urine,  then  dried  again  in  the  fun,  and 
dipped  again  in  the  juice.  The  Dumh  and  others  are  faid  to  prepare  turnfole 
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rags,  and  turnfole  in  the  mafs,  from  different  ingredients,  of  which  archil  is  the 
chief.  See  Archil. 

The  account  of  the  rags  or  cloth  of  turnfole,  as  given  by  Chaptal  *,  dates, 
that  they  are  prepared  by  impregnating  them  with  the  juice  of  morelle,  and  ex- 
pofing  them  to  the  vapour  of  urine,  which  develops  their  blue  colour.  Thefe 
rags  are  exported  to  Holland,  not  for  the  ufe  of  the  makers  of  turnfole,  as  is 
commonly  fuppofed,  but  for  the  dealers  in  cheefe,  who  extract  a colour 
by  infufion,  and  wafh  their  cheefes  with  it  to  give  them  a red  colour.  He  was 
convinced  by  experiment,  that  the  colouring  matter  of  the  turnfole  pafte  is  of 
the  fame  nature  as  that  of  archil ; and  found  that  by  caufing  the  lichen  pa- 
rellus  of  Auvergne  to  ferment  with  urine,  lime,  and  alkali,  he  could  obtain  a 
pafte  fimilar  to  that  of  turnfole.  The  addition  of  alkali  appears  to  be  neceflary 
to  prevent  the  development  of  the  red  colour,  which,  when  combined  with  the 
blue,  forms  the  violet  of  the  archil. 

The  attention  of  chemifts  is  more  particularly  directed  to  this  fubftance,  on 
account  of  its  affording  one  of  the  mod  ufual  tefts  of  the  prefence  of  acidity. 
The  tindture  of  turnfole  is  prepared  by  lightly  infufing  the  turnfole  or  litmus 
in  water.  If  the  water  be  too  highly  charged  with  the  colouring  matter,  the  infu- 
fion has  a violet  tinge,  and  muft  in  that  cafe  be  diluted  with  water  until  it  be- 
comes blue.  Expolure  of  this  infufion  to  the  fun,  even  in  clofed  veffels,  turns  it 
red,  and  fome  time  afterwards  the  coloured  matter  falls  down  in  the  form,  of  a dif- 
coloured  mucilage.  Ardent  fpirit  may  be  ufed  inftead  of  water  in  this  pre- 
paration. 

It  is  fcarcely  requifite  to  direct  the  intelligent  beginner  in  the  ufe  of  this  and 
other  tefts.  Paper  may  be  ftained  with  it,  and  a drop  of  the  fuppofed  acid  will 
turn  it  red.  Or  the  liquids  may  be  mixed  in  greater  or  lefs  quantities,  as  conve- 
nient. This  blue  liquor  may  be  made  a teft  for  alkalis,  if  it  be  firft  reddened  by 
the  addition  of  a fmall  portion  of  vinegar  or  other  acid.  Alkalis  reftore  the  blue 
colour. 

For  another  teft,  fee  Brassica  Rubra. 

HELLEBORE.  Two  ounces  of  the  root  of  white  hellebore  yielded  with 
water  nine  drams  and  one  fcruple  of  gummy  extradl ; and  the  fame  quantity  of 
root  yielded  with  fpirit  of  wine  feven  drams  of  refinous  extradl.  From  fix 
ounces  of  the  roots  of  black  hellebore,  fix  drams  and  one  fcruple  were  extradled 
by  fpirit ; and  from  the  fame  quantity  of  root,  fix  drams  and  two  grains  were 
extradled  by  water.  Borrichius  relates,  that  the  diftilled  water  of  the  entire 
plant  poflefl'es  emetic  and  purgative  virtues.  The  root  is  a ftimulating  cathartic. 
Neumann. 

HEPAR.  The  combination  of  fulphur  with  an  alkali  was  denominated  Hepar 
Sulphuris,  or  Liver  of  Sulphur,  from  its  brown-red  colour.  Chemifts  have  ap- 
plied the  term  hepar  in  a general  way  to  all  combinations  of  alkali  or  earth  with 
fulphur,  or  with  phofphorus.  See  Sulphur,  Phosphorus,  Air  Hepatic,, 
Air  Phosphoric. 

HEPATIC  AIR.  See  Air  Hepatic. 

HOMBERG’s  PHOSPHORUS.  The  combination  of  lime  and  marine  acid, 
which  remains  after  diftilling  the  volatile  alkali  from  fal  ammoniac,  has  ufually 
an  over- proportion  of  lime.  If  it  be  urged  by  a violent  heat  it  fufes ; and  when 
cold  it  has  the  property  of  emitting  a phofphoric  light  when  ftruck  with  any 


* Chemiltry,  i.  190, 
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bard  body.  It  is  called  Homberg’s  phosphorus,  from  the  name  of  the  fir  ft 
obferver  of  the  fad. 

HONEY.  Honey  is  contained  chiefly  in  the  bafe  of  the  piftil  or  female 
organ  of  flowers.  It  ferves  as  food  for  moft  infeds  which  have  a probofcis.  ’ 
It  appears  to  cOnfift  of  fugar,  mucilage,  and  water.  The  fugar  fomedmes  fe- 
parates  in  cryftals. 

Honey  is  fuppofed  to  have  undergone  no  alteration  in  the  body  of  the  bee, 
as  it  retains  the  odour,  and  not  unfrequently  the  qualities,  of  the  plants  it  was  ga- 
thered from. 

Thirty  fix  ounces  of  honey  diluted  with  four  quarts  of  warm-water,  and  fer- 
mented with  a little  yeaft,  yielded  on  diftiilation  a pint  of  watery  fpirit,  which 
by  redification  was  reduced  to  eight  ounces. 

HOOFS  of  ANIMALS.  The  hoofs  of  animals  are  compofed  of  a fubftance 
nearly  of  the  fame  nature  as  Horn,  which  fee.  They  are  not  applied  to  any  ufe, 
but  to  afford  animal  coal  in  the  preparation  of  the  Pruflian  alkali,  and  in  the  cafe- 
hardening of  iron. 

HOPS.  It  is  univerfally  taken  for  granted,  that  hops  render  beer  Iefs  liable 
to  change  and  become  four.  Neumann  affirms  the  fame  thing,  and  that  it  fen- 
flbly  increafes  the  fpirituofity.  It  is  well  known  that  the  aromatic  bitter  of  the 
hop  is  an  agreeable  and  probably  a wholefome  addition  to  beer  : but  the  reft  re- 
mains yet  to  be  proved  by  experiment. 

HORN.  Among  the  confident  parts  of  animals,  we  obferve  a refemblance 
in  the  general  properties  of  fuch  as  appear  to  be  divefted  of  fenfation,  namely, 
the  bones,  horns,  hoofs,  hair  or  wool,  and  fkin.  Some  bony  fubftances  are 
very  hard,  and  appear  to  confift  of  much  phofphorated  lime,  together  with 
about  one  fixth  of  their  weight  of  proper  jelly  or  glue,  foluble  in  hot  water  as 
well  as  cold.  Ivory,  which. is  fofter,  contains  about  one  fourth  of  its  weight  of 
glue.  Hartlhorn,  which  approaches  as  much  to  the  nature  of  bone  as  horn  in 
its  obvious  properties,  affords  about  one  fifth,  and  fkin  appears  to  afford  moft  of 
all.  Horn  is  faid  to  afford  no  glue*.  This  fubftance  differs  from  bone  in  its  re- 
markable elaftic  flexibility,  and  the  foftnefs  it  acquires  by  a moderate  heat.  It 
feems  to  be  of  the  fame  nature  as  hair;  and  if  the  fa<£t  of  its  affording  no  glue 
were  well  eftablifhed,  it  would  afford  ground  to  think,  that  its  earthy  part  is 
combined  with  a large  quantity  of  ferous,  or  fibrous  matter,  in  the  coagulated 
itate.  See  Serum. 

Macquer  afferts,  that  horn  may  be  entirely  converted  into  jelly,  by  treatment 
with  water,  in  Papin’s  Digefter..  What  happens  in  this  procefs  requires  to  be 
examined.  Neumann  found  that  twenty-five  grains  of  an  extract,  of  a brownifh 
colour  and  faline  tafte,  were  obtained  by  boiling  half  an  ounce  of  cow’s  horn 
in  water.  When  treated  in  the  dry  way,  horn  affords  the  fame  products  nearly 
as  other  animal  matters,  namely,  an  aqueous  alkaline  liquor,  concrete  volatile 
alkali,  and  a fetid  oil,  which,  by  repeated  retftifications,  becomes  more  and  more 
limpid  and  clear. 

Torroifefhell,  whalebone,  and  the  hoofs  of  animals,  appear  to  be  nearly  of  the 
fame  nature  as  horn. 

HORNBLENDE,  or  HORNSTONE.  This  forms  the  tenth  fpecies  of  the 
argillaceous  genus  of  Kirwan’s  Syftem  of  Mineralogy.  Its  general  characters,  be- 
sides a partial  Solubility  in  acids,  without  effervefcencee,  and  an  hardnefs  never 

* Annales  de  Chlmte,  xii.  2x2;  alfo  Neumann’s  Chemiftiy,  ii.  336. 
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fufficientto  ftrike  fire  with  %el,  are,  t.  a fpecific  gravity,  never  lefs  than  2,66, 
and  in  many  fpecimens  as  high  as  3,88  ; 2.  a ftrong  earthy  fmell,  when  breathed 
upon,  or  wetted  with  hot  water;  3.  a toughnefs  when  pounded  in  a mortar,  re- 
fembling  that  of  mica  or  horn,  from  which  property  it  obtained  its  name ; 4.  its 
affording  a greenilh  grey  powder,  when  pulverized;  5.  fufibility  without  ad- 
dition, as  it  is  faid  ; though  Mr.  Kirwan  could  not  fufe  it  with  the  blow-pipe. 
It  is  frequently  mixed  with  pyrites.  Of  this  fpecies  the  author  reckons  three 
varieties. 

Variety  1.  Black  hornftone.  Corneus  nitens  Wallerii.  Its  texture  is  lamellar, 
or  granular  : the  former  is  fometimes  fo  foft  as  to  he  fcraped  with  the  nail;  its 
furface  is  frequently  as  gloffy  as  if  it  had  been  greafed  : its  fpecific  gravity  from 
3.6  to  3.88,  and  it  polieffes  all  the  fpecific  properties  in  a high  degree.  With 
nitre  it  does  not  detonate.  When  heated  it  becomes  of  a fnuff  colour,  and  then 
flightly  effervefces  with  diluted  nitrous  acid  : its  folution  in  this  acid  is  of  a 
greenilh  colour. 

Mr.  Kirwan  boiled  the  powder  of  this  ftone  in  water,  with  a view  to  afcertain 
the  principle  on  which  its  fmell  depends.  The  water  was  not  altered  in  tafte, 
nor  did  it  exhibit  any  change  by  the  tefts  he  applied  to  it.  By  analyfis  he  found 
that  100  grains  of  the  lamellar  fort  contained  37  filex ; 22  clay;  16  magnefia; 
2 mild  calcareous  earth,  and  23  calx  of  iron,  not  much  dephlogifticated. 

Variety  2.  Greenilh  grey  hornftone.  This  is  of  a granular  texture,  or 
ftriated.  The  fpecific  gravity  of  the  pureft  fpecimen  Mr.  Kirwan  could  find  was 
2.683.  It  is  not  fo  foft  as  the  fofteft  of  the  former  variety.  He  fufpeCts  the 
common  pale  greenilh  grey  whetftone  to  be  of  this  fpecies.  It  is  of  a clofe 
granular  texture,  exhales  an  earthy  fmell,  affords  a greenilh  powder,  does  not 
effervefce  with  acids,  nor  give  fire  with  fteel.  Its  fpecific  gravity  is  2.664.  It 
contains  6 5 per  cent,  of  filex. 

Variety  3.  Killas.  This  ftone  is  of  a pale  grey,  or  greenilh  grey.  Its  tex- 
ture either  lamellar,  or  coarfely  granular;  the  lamellar  is  fofter  and  lefs  martial 
than  the  roof  flate.  Its  fpecific  gravity  is  from  2.63  to  2.666.  Mr.  Kirwan 
found  100  grains  of  the  lamellar  fort  to  contain  about  60  filex,  25  clay,  9 mag- 
nefia, and  6 iron.  The  greenilh  fort  contains  more  iron,  and  gives  a greenilh 
colour  to  the  nitrous  acid. 

HOURS,  MINERALOGICAL.  The  direction  of  veins,  with  refpeCt  to  the 
meridian,  is  in  the  language  of  miners  denoted  by  hours.  The  circle  of  the  ho- 
rizon is  divided  into  twice  twelve  hours.  The  north  and  fouth  directions  are 
denoted  by  twelve,  and  confequently  theeaft  and  weft  by  fix  o’clock. 

HYDROGENE.  In  the  new  nomenclature  this  word  denotes  the  principle 
to  which  inflammable  air  owes  its  charaCteriftic,  In  the  elaftic  ftate,  according 
to  the  antiphlogiftic  theory,  it  is  fuppofed  to  be  united  with  the  matter  of  heat, 
and  generally  holds  water  in  folution  or  fufpenfion.  In  combination  with  vital 
air,  it  forms  water.  See  Air  Inflammable. 

HYDROMEL.  A fermented  liquor  made  of  honey  and  water.  It  is  more 
commonly  known  by  the  name  of  Mead. 

HYDROMETER.  The  beft  method  of  weighing  equal  quantities  of  corro- 
five  volatile  fluids,  to  determine  their  fpecific  gravities,  appears  to  confift  in  in- 
clofing  them  in  a bottle  with  a conical  ftopper,  in  the  fide  of  which  ftopper  a fine 
mark  is  cut  with  a file.  The  fluid  being  poured  into  the  bottle,  it  is  eafy  to  put 
in  the  ftopper,  becaufe  the  redundant  fluid  efcapes  through  the  notch,  or  mark, 
and  may  be  carefully  wiped  off.  Equal  btilks  of  water,  and  other  fluids,  are  by 
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this  means  weighed  to  a great  degree  of  accuracy,  care  being  taken  to  keep  the 
temperature  as  equal  as  poflible,  by  avoiding  any  contadt  of  the  bottle  with  the 
hand,  or  otherwife.  The  bottle  itfelf  Jfhevvs  with  much  precifion,  by  a rife  or  fall 
of  the  liquid  in  the  notch  of  the  (topper,  whether  any  fuch  change  has  taken 
place.  See  Gravity  Specific. 

But  as  the  operation  of  weighing  requires  confiderable  attention  and  fteadinefs, 
and  alfo  a good  balance,  the  floating  inftrument  called  the  hydrometer  has 
always  been  efteemed  by  philofophers,  as  well  as  men  of  bnfinefs.  It  confifts 
of  a hollow  ball,  either  of  metal  or  glafs,  capable  of  floating  in  any  known 
liquid:  from  the  one  fide. of  the  ball  proceeds  a (tern,  which  terminates  in  a* 
Weight,  and  from  the  fide  diametrically  oppofite  proceeds  another  ftem,  moft: 
commonly  of  an  equal  thicknefs  throughout.  The  weight  is  fo  proportioned, 
that  the  inftrument  may  float  with  the  laft  mentioned  ftem  upright.  In  the  lefs 
accurate  hydrometers  this  ftem  is  graduated,  and  ferves  to  (hew  the  denfity  of 
the  fluid,  by  the  depth  to  which  it  finks;  as  the  heavier  fluids  will  buoy  up  the 
inftrument  more  than  fuch  as  are  lighter.  In  this  way,  however,  it  is  clear, 
that  the  ftem  muft  be  comparatively  thick,  in  order  to  poflefs  any  extenfive 
range.  For  the  weight  of  vitriolic  ether  is  not  equal  to  three-fourths  of  the  fame- 
bulk  of  water;  and  therefore  fuch  an  hydrometer,  intended  to  exhibit  the  com- 
parative denfities  of  thefe  fluids,  muft  have  its  ftem  equal  in  bulk  to  more  than- 
one-fourth  of  the  whole  inftrument.  If  this  bulk  be  given  chiefly  in  thicknefs, 
the  fmaller  differences  of  denfity  will  not  be  perceptible;  and  it  cannot,  with  any; 
convenience,  be  given  in  length. 

To  remedy  this  imperfection,  various  contrivances  have  been  pro po fed,  for  the 
moft  part  grounded  on  the  confideration,  that  a change  in  the  ballaft  or  weight 
employed  to  fink  the  ball,  would  fo  far  change  the  inftrument,  that  the  lame 
(hort  range  of  graduations  on  a (lender  ftem,  which  were  employed  to  exhibit 
the  denfities  of  ardent  fpirit,  might  be  employed  in  experiments  upon  water. 
Some  haveadjufted  weights  to  beferewed  upon  the  lower  ftem;  and  others,  with 
more  neatnefs  and  accuracy,  have  adjufted  them  to  be  flipped  upon  the  extremity 
of  the  upper  ftem.  But  the  method  of  Fahrenheit  appears  to  be  on  all  accounts 
the  fimpleft  and  moft  accurate. 

The  hydrometer  of  Fahrenheit  confifts  of  an  hollow  ball,  with  a counterpoife 
below,  and  a very  (lender  ftem  above,  terminating  in  a fmall  difh.  The  middle, 
or  half  length  of  the  ftem,  is  diftinguifhed  by  a fine  line  acrofs.  In  this  inftru- 
ment every  divifionof  the  ftem  is  rejedted,  and  it  is  immerfed  in  all  experiments 
to  the  middle  of  the  ftem,  by  placing  proper  weights  in  the  little  dith  above. 
Then  as  the  part  immerfed  is  conftantly  of  the  fame  magnitude,  and  the.  whole 
weight  of  thehydrometer  is  known;  this  laft  weight  added  to  the  weights  in  the 
difh,  will  be  equal  to  the  weight  of  fluid  difplaced  by  the  inftrument,  as  all 
writers  on  hydroftatics  prove.  And  accordingly  the  fpecific  gravities  for  the 
common  form  of  the  tables  will  be  had  by  the  proportion  : 

As  the  whole  weight  of  the  hydrometer  and  its  load,  when  adjufted  m 
diftilled  water. 

Is  to  the  number  1,000,  &c. 

So  is  the  whole  weight  when  adjufted  in  any  other  fluid 
To  the  number  exprefling  its  fpecific  gravity; 

In  order  to  fhew  the  degree  of  accuracy  an  inftrument  of  this  kind  is  capable  of, 
it  may  in  the  firft  place  be  obferved,  that  the  greateft  impediment  to  its  fenlibi- 
lity  arifes  from  the  attraction  or  repulfion  between  the  fuifface  of  the  fluid  and 
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that  of  the  ftem.  If  the  inftrument  be  carefully  wiped  with  a foft  clean  linen 
cloth,  the  metallic  furface  will  be  equally  difpofed  to  at  trad,  or  repel  the  fluid. 
So  that  if  it  poflefs  a tendency  to  defcend,  there  will  be  a cavity  furrounding  the 
Item  ; or  if,  orl  the  contrary,  its  tendency  be  to  rife,  the  fluid  will  Hand  round 
the  fiem  in  a fmall  protuberance.  The  operator  muft  affift  this  tendency,  by 
applying  the  pincers,  with  which  he  takes  up  his  weights,  to  the  rim  of  the  difh. 
It  is  very  eafy  to  know  when  the  furface  of  the  fluid  is  truly  flat,  by  obferving  the 
reflected  image  of  the  window,  or  any  other  fit  objed  feen  near  the  ftem  in  the 
fluid.  In  this  way  the  adjuftment  of  the  weights  in  the  difh  may,  without  diffi- 
culty,  be  brought  to  the  fiftieth  part  of  a grain.  If,  therefore,  the  inftru- 
ment difplace  1000  grains  of  water,  the  refult  will  be  very  true  to  four  places 
of  figures,  or  even  to  five.  This  will  be  as  exad  as  moft  fcales  are  capable  of 
affording. 

Some  writers  have  fpoken  of  the  adjuftment  of  an  hydrometer  of  this  kind,  fo 
that  it  fhall  at  fome  certain  temperature  difplace  1000  grains  of  water,  as  if  this 
were  a great  difficulty.  It  is  true,  indeed,  that  the  performance  of  a piece  of 
workmanfhip  of  this  nature  would  require  both  fkill  and  judgment  on  the  part 
of  the  artift  : but  it  is  by  no  means  neceflary.  Nothing  more  is  required  on  the 
part  of  the  workman,  than  that  the  hydrometer  fhall  be  light  enough  to  float  in 
ether,  and  capable  of  fuftaining  at  lead  one  third  of  its  own  weight  in  the  difh, 
without  overfetting  in  a denfer  fluid.  This  laft  requifite  is  obtained  by  giving  a 
due  length  to  the  ftem  beneath,  to  which  the  counterpoife  is  attached.  With 
fuch  an  inftrument,  whatever  may  be  its  weight,  or  the  quantity  of  water  it  dis- 
places, the  chemift  may  proceed  to  make  his  experiments,  and  deduce  his  fpe- 
cific  gravities  by  the  proportion  before  laid  down.  Or  to  lave  occafional  compu- 
tation, he  may  once  for  all  make  a table  of  the  fpecific  gravities,  correfponding  to 
every  number  of  the  load  in  the  dilh,  from  one  grain  up  to  the  whole  number  of 
grains,  fo  that  by  looking  for  the  load  in  one  column,  he  may  always  find  the 
fpecific  gravity  in  the  column  oppofite.  I find  this  method  very  ready  and  con- 
venient in  pra&ice : but,  if  it  be  preferred,  the  weights  may  be  adjufted  to' the 
hydrometer,  fo  as  to  (hew  the  fpecific  gravity,  without  computation  or  reference. 
For  this  purpofe  the  hydrometer  muft  be  properly  counterpoifed  in  diftilled 
water,  at  the afiumed  ftandard  temperature;  fuppofe  6o°,  and  the  whole  weight 
of  the  inftrument  and  its  load  called  1.000,  & c.  Then  the  weight  of  the  inftru- 
ment and  its  load  muft  be  feparately  determined  in  grains  and  parts,  or  other 
weights,  by  a good  pair  of  fcales.  And  as  the  whole  weight  of  the  inftrument 
and  its  load  is  proportioned  to  the  weight  of  the  inftrument  alone ; fo  will  be 
the  number  1.000,  &c.  to  a fourth  term  expreffing  the  weight  of  the  inftru- 
ment in  fuch  parts  as  make  the  whole  1.000,  &c.  Make  an  adtual  fet  of  decimal 
weights  (fee  Balance,  page  191,  § 16,  17),  of  which  1.000,  &c.  fhall  be 
equal  to  the  hydrometer  and  its  load.  And  it  is  clear,  that  whatever  may  be  the 
load  in  thefe  weights,  if  it  be  added  to  the  number  denoting  the  weight  of  the 
inftrument,  the  lum  will  denote  the  fpecific  gravity  of  the  fluid,  wherein  the  in- 
ftrument floats  with  that  load. 

By  following  the  above  eafy  method  it  will  be  found,  that  every  hydrometer, 
wherefoever  made,  muft  give  the  fame  refults.  The  fubjedt  is  indeed  in  itfeif 
fufficiently  fimple,  and  would  require  fcarcely  any  difeuflion,  if  it  had  not  hap- 
pened that  many  philofophcrs,  for  want  of  requifite  attention,  have  made  their 
experiments  with  hydrometers  graduated  on  the  ftem,  by  no  certain  rule  by  which 
operators  at  adiftancefrom  each  other  might  compare  their  experiments.  The 
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hydrometers,  or  pefe-liqueurs  of  Baume,  though  in  reality  comparable  with  each 
other,  are  fubjedt  in  part  to  the  defedV,  that  their  refults,  having  no  independent 
numerical  meafure,  require  explanation  tothofe  who  do  not  know  the  inftruments. 
Thus,  for  example,  when  a chemift  acquaints  us  that  a fluid  indicated  14  degrees 
of  th e peje-liqueur  of  Baume,  we  cannot  ufefully  apply  this  refult,  unlefs  we  have 
fome  rule  to  deduce  the  correfpondent  fpecific  gravity  : whereas  we  fliould  not 
have  been  in  any  refpedl  at  a lofs,  if  the  author  had  mentioned  the  fpecific 
gravity  itfelf.  As  a confiderable  number  of  French  philofophers  refer  to  this  in- 
ftrument,  it  will  be  of  ufe  to  explain  its  principles. 

M.  Baume  * appears  to  have  diredled  his  attention  chiefly  to  the  acquifitionof  a 
means  of  making  hydrometers  with  a graduated  ftem,  which  fhould  correfpond 
in  their  refults,  notwithftanding  any  differences  in  their  balls  or  ftems.  There  is 
little  doubt  but  he  was  led  into  the  method  he  adopted,  by  refle&ing  on  that  by 
which  thermometers  are  ufually  graduated  (fee  Thermometer).  As  thermo- 
meters are  graduated,  independent  of  each  other,  by  commencing  with  an  inter- 
val between  two  ftationary  points  of  temperature,  fo  M.  Baume  adopted  two 
determinate  denfities  for  the  fake  of  marking  an  interval  on  the  ftem  of  his  hydro- 
meter. Thefe  denfities  were  thofe  of  pure  water,  and  of  water  containing  44. 
parts  of  its  weight  of  pure  dry  common  fait  in  folution.  The  temperature  was 
10  degrees  of  Reaumur  above  freezing,  or  570  of  Fahrenheit.  His  inftrument 
for  falts  was  fo  balanced,  as  nearly  to  fink  in  pure  water.  When  it  was  plunged 
in  this  faline  folution,  the  ftem  arofe  in  part  above  the  furface.  The  elevated 
portion  was  aflumed  to  be  15  degrees,  and  he  divided  the  reft  of  the  ftem  with  a 
pair  of  cornpafles  into  fimilar  degrees. 

It  is  unneceffary  to  enquire  in  this  place,  whether  this  interval  be  conftant,  or 
how  far  it  may  be  varied  by  any  difference  in  the  purity,  and  more  efpecially  the 
degree  of  drynefs,  of  the  fait.  Neither  will  it  be  requifite  to  enquire  how  far  the 
principle  of  meafuring  fpecific  gravities  by  degrees  reprefenting  equal  incre- 
ments, or  decrements,  in  the  bulks  of  fluids,  of  equal  weight  but  different  fpecific 
gravities,  may  be  of  value,  or  the  contrary.  It  does  not  feem  probable  that 
Baume’s  inftrument  will  ever  become  of  general  ufe;  for  which  reafon  nothing 
farther  need  be  afcertained,  than  the  fpecific  gravities  correfponding  with  its 
degrees,  in  order  that  fuch  experiments  as  have  this  element  among  their  data, 
may  be  eafily  underftood  by  chemical  readers. 

M.  Baume’s  hydrometer  for  fpirits  was  conftrudted  from  an  interval  of  ten 
degrees  experimentally  found  as  above,  by  diffblving  ten  parts  by  weight  of 
common  fait,  in  ninety  of  water.  I find  by  experiment,  that  this  folution  affords 
a divifion  which  does  not  differ  from  that  before  obtained  from  the  folution  of 
fifteen  parts  of  fait  in  eighty-five  of  water.  I find  alfo,  that  the  fpecific  gravity 
of  this  laft- mentioned  folution,  at  the  temperature  of  570  Fahrenheit,  is  1.105* 
Whence  I have  computed  the  following  table  : 

* Elements  tie  Pharmacie  : cinquieme  edition,  Paris  1784,  p*ge  396. 
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TABLE  of  Specific  Gravities,  correfponding  with  the  Degrees  of  the  Hydro-* 
meters,  or  Pefe^Liqueurs  of  Baume, 


I l 


Deg. 

'45 

40 

35 

3° 

25 

20 

i5 

10 

5 

o 

5 

10 

15 


Sp.  Gr. 
0.778 
0.798 
O.819 
0.841 
0.863 
0.888 
0.913 
0.941 
0.969 
1. 000 

I,033 
1.067 
1. 105 


DifF. 

20 

21 

22 

22 

25 

25 

28 

28 

31 

33 

34 
38 


Deg. 

f 20 
25 
30 
35 
40 

45 

50 

55 

60 

65 

70 

75 

.80 


Sp.  Gr. 
1. 145 
1. 188 
1.234 
1.285 

1 • 339 
1 *398 

1.462 

1 *533 
1. 61 1 
1.698 
r.794 
1.902 
2.024 


Diff. 

' 43 

• 46 

" 5i 

’ 54 

" 59 

" 64 

‘ 71 

" 78 

- 87 

96 
’ 108 

■ 122^ 


It  mid  be  remarked,  with  regard  to  this  table,  that  the  degrees  of  the  hydro- 
meter at  which  Baume  found  his  pureft  ardent  fpirit,  correfpond  with  a fpecific 
gravity  fo  much  higher  than  that  of  any  fpirit  I have  ever  heard  of,  that  I am 
•difpofed  to  fufpedl  an  inaccuracy  in  the  principle  on  which  the  inftrument  is  to 
be  conftru&ed. 

There  are  a variety  of  hydrometers  ufed  for  determining  the  ftrength  of  ardent 
fpirits.  See  Spirit  Ardent. 

HYDROPHANES.  This  ftone,  which  is  alfo  called  oculus  mundi,  and 
lapis  mutabilis,  was  formerly  of  great  value.  Its  diftinguilhing  chara&erifticis 
that  of  becoming  tranfparent  by  immerfion  in  water.  Bergman  has  written  a 
diftind  treatife  upon  it. 

The  hydrophanes  is  either  of  a whitifh  brown,  yellowifh  green,  milky  grey, 
or  yellow  colour,  and  opake.  Some  fpecimens  give  fire  with  fteel.  Its  fpecific 
gravity  is  about  2.048,  and  it  is  eafily  cut  and  polifhed.  Without  addition,  ir 
is  infufible;  but  the  flame  of  the  blow-pipe  changes  it  into  a brown  brittle 
fubftance.  Neither  acids  nor  alkalis  have  any  action  upon  it  in  the-  humid 
way. 

Three  of  thefe  ftones  are  to  be  feen  in  the  Britifh  Mufeum  in  London.  The 
largeft  is  about  the  fize  of  a cherry  ftone,  but  of  an  oval  form.  It  is  opake,  and 
in  colour  refembling  the  common  yellow  pea.  It  may  be  fcratcheJ,  though  not 
without  difficulty,  with  a knife,  but  it  feems  to  leave  a trace  upon  common  glafs. 
The  acid  of  nitre  does  not  caufe  any  ebullition  when  applied  to  it. 

When  it  has  lain  in  water  fome  hours  it  becomes  tranfparent,  and  of  a yellow 
amber  colour.  This  change  begins  foon  after  the  immerfion,  and  at  one  end,  in 
the  form  of  a fmall  fpor  (but  in  a fmall  one  of  the  fame  kind  the  beginning  is 
round  the  edges),  which  increafes  by  flow  degrees,  till  the  whole  ftone  has  be- 
come uniformly  clear  throughout.  When  taken  out  of  the  water,  it  lofes  its 
tranfparency,  firft  at  one  end,  and  then  gradually  over  the  remainder.  This 
change  happens  in  lefs  time  than  is  required  to  produce  the  tranfparency,  as 
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-might  indeed  be  naturally  expelled.  For  the  ftone  cannot  become  tranfparent, 
-until  the  water  has  foaked  through  its  whole  fubftance  ; but  it  becomes  opake, 
as  foon  as  a certain  thicknefs  from  the  furface  is  well  dried. 

There  is  no  doubt  but  this  phenomenon  is  produced  in  the  fame  way  as  oil  or 
- water  renders  paper  tranfparent.  It  depends  on  a general  principle,  which  is 
well  explained  by  Sir  Ifaac  Newton,  in  his  Optics,  viz.  that  all  porous  bodies 
may  be  rendered  tranfparent,  by  filling  their  pores  with  fome  other  matter  of 
nearly  the  fame  denfity.  For  in  this  laft  cafe  the  light  pafles  through  with  very 
little  impediment,  or  deviation;  whereas  it  was  before  fubje<ft  to  refled  ion  and 
refradion  at  all  the  furfaces  of  the  grofier  particles,  and  therefore  became  ab- 
forbed  and  loft.  That  the  hydrophanes  abforbs  moifture,  and  emits  air,  which 
is  a fluid  of  much  lefs  denfity,  is  evident  from  the  weight  it  acquires,  and  the 
fmall  bubbles  which  cover  its  furface  during  the  time  it  acquires  tranfparency. 

Thefe  fads  evidently  (hew  that  the  effect  arifes  from  a coarfe  porofity  in  the 
ftrudure  of  this  done.  It  is  a general  circumftance,  that  thofe  filiceous  (tones 
which  refemble  the  common  flint  in  breaking  fmoothly  and  equally,  are  fre- 
quently furrounded  by  a covering  of  coarfer  material.  Bergman  thinks  thefe 
coarfer  parts  were  extruded  by  the  contradion  of  the  more  homogeneous  matter, 
during  the  gradual  tranfition  from  the  foft  to  the  hard  ftate.  It  is  not  eafy  to 
form  any  notion  of  a mechanical  adion  of  this  kind;  and  it  feems  more  pro- 
bable that  the  coarfenefs,  or  rather  porofity,  of  thefe  external  crufts  may  have 
arifen  from  the  adion  of  water,  air,  or  other  agents,  which  during  a long  courfe 
of  time  may  have  carried  off  fome  of  the  parts  to  a certain  depth,  or  have 
cracked,  fplit,  or  deftroyed  the  continuity  to  a certain  depth,  as  is  leen  upon  the 
furface  of  broken  flints,  and  other  ftones  expofed  to  the  weather.  Thefe  crufts 
inuft  neceflarily  differ  in  texture,  denfity,  and  hardnefs;  and  accordingly  it  can- 
not be  expeded,  that  the  requifites  of  the  hydrophanes  fhould  be  very  frequently 
met  with.  The  proper  pieces,  which  are  generally  furrounded  with  fuch  as  are 
ufelefs,  cannot  be  diftinguifhed  by  their  external  appearance;  but  fuch  as  do 
nor  adhere  to  the  tongue  may  be  rejeded.  Immerfion  in  water  for  a day  will 
determine  their  quality,  becaufe  fuch  as  require  a longer  time  to  become  tranf- 
parent are  of  no  value. 

Though  it  is  probable  that  the  crufts  of  all  the  varieties  of  filiceous  ftones 
may  yield  the  hydrophanous  ftone,  yet  experience  (hews  that  it  is  chiefly  to  be 
fought  for  among  thofe  of  a loofe  texture,  fuch  as  opals  and  chalcedonies.  The 
opal  gives  admittance  to  water,  but  wants  the  opacity  requifite  to  make  the  ex- 
periment ftriking.  If  it  be  rendered  opake  by  fire,  which  rauft  be  very  cau- 
tioufly  and  gradually  applied,  it  becomes  the  hydrophanes.  Too  fudden  heat 
caufes  it  to  fly  in  pieces. 

Bergman  found  the  fame  component  parts  in  the  opal  and  the  hydrophanes. 
He  reduced  the  ftone  to  a very  fine  powder,  and  feparated  100  grains  of  the 
moft  fubtile  particles  by  elutriation.  He  formed  this  into  a ball,  with  three  times 
as  much  mineral  alkali,  and  a little  water,  and  expofed  it  for  an  hour  and  half  in 
an  iron  vefflel  to  a fire  gradually  raifed,  but  not  to  fuch  a degree  as  to  melt  the 
mafs.  If  this  laft  event  .fhould  happen,  which  it  is  difficult  to  prevent,  the  fluid 
becomes  loaded  with  iron,  and  is  fo  troublefome  to  analyfe,  that  it  is  better  to 
repeat  the  procefs  as  at  firft,  but  with  more  care.  After  a certain  time  the  ball 
fplits  again  into  a po  wder,  by  the  diffipation  of  part  of  the  alkali.  In  this  pow- 
der the  filiceous  earth  was  combined  with  alkali,  and  the  other  earths  were  ren- 
dered much  more  acceffible  to  acid  menftruums,  from  which  the  filex  might 
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have  defended  them.  By  digeftion  of  the  powder  in  marine  acid,  he  found  that 
fixteen  parts  of  argillaceous  earth  were  taken  up,  and  eighty-four  parts  of  filiceous 
earth  remained  untouched.  There  was  not  the  fmallelt  appearance  of  any  thing 
calcareous. 

The  value  of  the  hydrophanes  is  eftimated  by  its  bulk,  the  quicknefs  of  the 
change,  and  the  beauty  of  its  colour.  Of  two  equally  penetrable,  the  larger 
muft  be  longer  in  becoming  tranfparent ; but  the  effedf  may  be  increafed  by 
giving  them  a flat  thin  figure.  The  colour  is  derived  from  iron.  Hot  water 
produces  the  effedt  more  fpeedily  than  cold.  If  frequent  repetition  of  the  expe- 
riment fhould  render  the  ftone  lefs  difpofed  to  become  tranfparent  on  immerfion,  . 
it  will  molt  probably  have  arifen  from  calcareous  depofition;  in  which  cafe  it  may 
be  cleared  by  immerfion  in  acids.  Alkalis,  or  acids,  penetrate  this  ftone,  and 
render  it  tranfparent;  the  concentrated  vitriolic  acid  renders  it  permanently  fo, 
by  attracting  water  from  the  atmofphere.  But  the  opacity  may  be  reftored  by 
immerfing  it  in  an  hot  alkaline  liquor.  Nitrous  acid  highly  concentrated 
calcines  the  iron,  and  alters  the  colour  of  this  ftone,  by  that  means  producing 
various  fhades  of  yellow.  Bergman  thinks  that  acids,  by  difiolving  part  of  the 
argillaceous  earth,  may  improve  the  quality  of  fuch  (tones  as  admit  the  water 
too  (lowly. 

This  (tone  probably  received  the  name  of  oculus  mundi,  from  an  internal  s 
fpark,  or  luminous  fpot,  which  changes  its  pofition  according  to  the  direction  of 
the  incident  light.  Bergman  has  made  the  mod  accurate  remarks  on  this  pheno- 
menon, and  finds  that  it  proceeds  from  the  cauftic  curves,  and  focal  image,  by 
refraction  from  the  ufual  rounded  form  of  the  ftone,  and  rendered  vifible  by  the 
femi-opacity  of  the  material  through  which  the  light  pafles. 

Though  this  rqutability  is  chiefly  found  in  (tones  of  the  filiceous  order,  yet 
as  it  depends  upon  the  mechanifm  or  conftruftion,  rather  than  the  component 
parts,  it  may  naturally  be  expected  to  be  met  with  in  the  other  orders.  The 
requifites  are,  that  tranfparent  particles  (hould  be  fo  joined,  or  agglutinated  to- 
gether, as  to  leave  innumerable  minute  interftices  capable  of  admitting  water. 
This  conftrudtion  is  fometimes  met  with  among  the  fteatites.  Jt  may  eafily  be 
underftood  how  this  may  be  rendered  tranfparent,  as  more  than  half  its'  weight ' 
confifts  of  filiceous  particles,  frequently  pellucid.  But  the  hydrophanous 
fteatites,  being  loaded  with  magnefia,  feldom  acquires  the  fame  degree  of  tranf- 
parency  as  thofe  which  almoft  entirely  confift  of  filiceous  earth,  which  are  like- 
wife  harder,  though  lefs  beautiful  and  various  in  their  colours.  Dr.  BrUckman, 
quoted  by  Bergman,  mentions  red,  white,  green,  and  grey  fteatites  poflefled 
of  this  property.  He  dire&s  that  they  (hould  be  firft  boiled  in  an  alkaline  e 
lixivium,  and  then  in  vinegar. 
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ICE.  Water  in  the  folid  ftate.  Mairan  obferved  that  water,  in  freezing, 
has  a tendency  to  form  angles  of  fixty  degrees,  and  to  form  ftars  with  fix 
rays.  Rome  de  Lille  calculates,  that  the  primitive  form  of  ice  is  an  equilateral 
eight-fided  figure.  Halfenfratz  has  obferved,  that  water,  when  it  f eezes  under 
favourable  circumfiances,  always  affumes  an  hexahedral  prifmatic  form.  This 
"fad:  is  not  inconfiftent  with  the  deduction  of  R.  de  Lille. 

The  lpecific  gravity  of  ice  being  confiderably  lefs  than  water,  it  always  floats 
at  the  furface,  where  it  is  molt  commonly  formed  in  confequence  of  the  fuperior. 
coldnefs  of  the  atmofphere.  It  may  neverthelefs  be  formed  at  the  bottom  or 
fide  of  any  veflfel,  if  the  temperature  be  more  effectually  diminifhed  in  thofe 
parts  than  elfewhere,  as  by  a freezing  mixture.  Ice  is  fometimes  formed  at  the 
bottom  of  running  waters,  which  Hales  explains  by  remarking,  that  the  fuperior 
parts  of  ft agnant  waters,  as  alfo  of  the  earth,  are  colder  in  frofty  weather  than  the 
inferior;  but  in  running  waters  the  uppermolt  parts  are  mixed  with  the  lower, 
and  all  are  cooled  nearly  alike;  and  as  the  water  at  the  furface  Hows  quicker  than 
that  below,  the  water  at  the  bottom  freezes  fooneft.  There  feems  to  be  fome- 
thing  defective  in  this  explanation  ; for,  as  far  as  we  know,  agitation  can  impede 
freezing  or  cryftallization  in  no  other  way  than  by  mixing  the  warmer  parts  of 
the  fluid  with  the  colder.  But  there  is  no  doubt  of  the  fad,  from  the  concurring 
teftimony  of  fifhermen  and.  other  inhabitants  near  rivers,  who  are  well  acquainted 
with  ground  ice;  befides  which,  M.  Pott  made  an  experiment  in  frofty  weather 
-with  two  fimilar  tubs,  into  each  of  which  were  thrown  nails,  iron  wire  covered 
with  flannel,  hair,  &c.  A current  of  water  was  made  to  pafs  through  one  of 
them,  and  in  the  other  was  placed  water  with  no  current.  Ice  was  formed  on  the 
nails  and  other  fubftances  at  the  bottom  of  the  former,  but  none  at  the  furface.  And 
in  the  latter  the  furface  was  congealed,  but  there  was  no  ice  at  the  bottom.  1 am 
inclined  to  think  that  the  formation  of  ground  ice  depends  on  the  fprings,  which 
iftue  from  the  earth  at  a more  elevated  temperature  than  the  freezing  point;  name- 
ly, at  the  medium  temperature  of  the  climate.  Suppofeafpring  to  ifluefrom  the 
earth  at  the  temperature  of  40°,  into  a freezing  atmofphere,  it  naturally  follows, 
and  experience  fhews,  that  the  ftream  muft  run  over  a certain  extent  of  ground 
before  it  can  be  cooled  as  low  as  32.0,  and  become  congealed.  And  if  other 
fprings  flow  into  it  from  diftances  nearer  their  own  fources,  the  diftance  of  the 
place  of  congelation  from  the  firft  fource  may  be  ftill  more  augmented.  When 
the  original  ftream  has  increafed  to  the  fize  of  a river,  the  effeCt  of  the  additional 
fprings  will  be  confined  to  the  furface.  Hales  is  miftaken  in  fuppofing  that  the 
water  at  the  furface  flows  quickeft,  for  all  hydroftatical  writers  prove  the  contrary. 
Suppofe  now  that  the  water  be  cooled  as  low  as  320,  or  lower,  at  a certain  part  of 
the  river.  It  will  there  begin  to  freeze,  and  the  larger  mafles  will  be  accumu- 
lated where  the  cryftallization  is  lead  difturbed,  namely,  at  the  edges.  But  the 
fubfequent  acceflary  ftreams  will  flow  on  the  furface  of  this,  becaufe  warmer,  and 
.consequently  lighter;  and  as  the  lower  part  of  a river  runs  the  fwifteft,  it  will 
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follow  that  the  ftream,  in  the  act  of  congelation,  will  flow  on  beneath  the  upper 
and  warmer  dream,  and  depofit  ice  upon  the  Hones  at  the  bottom,  while  none 
appears' at  the  furface.  If  this  explanation  be  true,  it  will  be  found,  i.  That 
wherever  ground  ice  is  found,  there  will  be  ice  at  the  furface,  higher  up  the 
flream;  and,  2.  the  river  has  received  a fupply  from  fome  warmer  fprings  at 
fome  place  intermediate  between  the  places  where  the  ice  is  formed  at  the  fur- 
face, and  where  it  is  formed  at  the  bottom. 

The  expand ve  force  of  water,  when  it  is  converted  into  ice,  is  greater  than 
any  ftrength  in  the  texture  of  bodies  which  has  been  oppofed  to  it.  Boyle  and 
Hales  made  the  experiment  with  piftol-barrels  and  bomb-fhells,  which  were 
burften  by  the  expanfion.  Other  philofophers  have  flnce  repeated  thefe  experi- 
ments with  fimilar  refults. 

The  freezing  point  of  water  is  the  320  on  Fahrenheit’s  fcale.  See  Heat, 
Thermometer,  Water. 

ICELAND  SPAR.  A fubftance  which  has  greatly  engaged  the  attention  of 
philofophers,  under  this  name,  or  the  name  of  Iceland  cryftal.  Bartholin, 
Huyghens,  Newton,  Beccaria,  and  others  of  later  date,  have  made  experiments 
on  its  remarkable  property  of  feparating  the  rays  of  light  in  fuch  a manner  as  to 
exhibit  two  images  of  an  objedt  feen  through  it.  It  is  the  tranfparent  fpecimen 
of  common  calcareous  fpar,  and  ufually  contains  about  54  parts  lime,  35  fixed 
air,  and  the  reft  water.  Its  fpecific  gravity  is  about  2,7.  Prieftley’s  Optics,  and 
the  authors  referred  to  by  him,  may  beconfulted,  for  an  account  of  as  much  of 
the  laws  of  this  unufual  refratflion  as  is  yet  known.  Magellan  * fays,  that  M. 
Fromond,  profefior  of  natural  philofophy  at  Milan,  has  obferved  that  glafs  has 
theMame  effeft,  whenever  a number  of  parallel  lines  have  been  cut  on  its  furface 
with  a diamond,  at  the  diftance  of  the  five  hundredth  or  thoufandth  of  an  inch 
afunder;  and  that  he  (M.)  had  feen  one  of  the  pieces  of  glafs  which  produced 
this  effeft.  Hence  it  fhould  feem  as  if  the  effect  were  produced  either  by  ine- 
qualities at  the  furface,  or  fiflures  in  the  mafs  itfelf. 

ICHTHYOCOLLA.  Filh-glue,  or  Ifmglajs ; which  lee. 

IGNIS  FATUUS.  A luminous  appearance  or  flame,  frequently  feen  in  the 
night  in  different  country  places,  and  called  in  England  fVill-voith-tbe- wifp.  It 
fometimes  appears  in  the  form  of  a flame  dancing  or  undulating  above  the  lower 
plants  of  the  field ; in  other  inftances  it  has  the  appearance  of  an  extenfive  lumi- 
nous exhalation;  fometimes  it  is  feen  to  hav^  a confiderably  rapid  progrcflive 
motion;  and  other  obfervations  fhew  that  it  may  have  a ftationary  appearance, 
and  definite  form.  Philofophers  are  not  agreed  as  to  its  caufe;  but  it  appears 
probable  that  thefe  meteors  near  the  furface  of  the  earth  may  not  all  be  of  the 
fame  nature.  It  feems  with  us  to  be  moftly  occafioned  by  the  extrication  of 
phofphorus  from  rotting  leaves  and  other  vegetable  matters,  which  may  be  car- 
ried up  in  thefirft  ftate  of  combuftion  by  the  fummer  heat,  and  rendered  vifible 
at  night.  Whether  the  inflammable  air  extricated  from  marfhes  may  produce 
an  appearance  of  this  kind,  is  doubtful.  It  is  probable  that  the  motionlefs  ignes 
fatui  of  Italy  may  be  produced  by  the  flow  combuftion  of  fulphur,  emitted 
through  clefts  and  apertures  in  the  foil  of  that  volcanic  country. 

ILLUMINATION.  See  Light. 

INCINERATION.  The  combuftion  of  vegetable  or  animal  fubftances,  for 
the  purpofe  of  obtaining  their  afhes  or  fixed  refidue. 


* On  Cronltcdt,  i.  26. 
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INCOMBUSTIBLE  CLOTH.  Sec  Asbestos. 

INCRUSTATION.  When  the  external  part  of  any  mineral  is  of  a different 
texture  and  appearance  from  the  internal  part,  the  former  is  called  the  incrufta- 
tion. 

INDIGO.  A blue  colouring  matter  extracted  from  a plant  called  Anil,  or 
? the  Indigo  Plant.  See  Anil. 

In  the  preparation  of  this  drug  the  herb  is  put  into  a vat  or  ciftern,  called  the 
fteeping  trough,  and  there  covered  with  water.  The  matter  begins  to  ferment 
fooner  or  later,  according  to  the  warmth  of  the  weather  and  the  maturity  of  the 
plant;  fometimes  in  fix  or  eight  hours,  and  fometimes  in  not  lefs  than  twenty. 
The  liquor  grows  hot,  throws  up  a plentiful  froth,  thickens  by  degrees,  and  ac- 
quires a blue  colour  inclining  to  violet.  At  this  time,  without  touching  the 
herb,  the  liquor  impregnated  with  its  tintfture  is  let  out  by  cocks  in  the  bottom 
into  another  vat  placed  for  that  purpofe,  fo  as  to  be  commanded  by  the  firft. 
M.  Quatremere  fays,  that  inflammable  air  is  difengaged  during  this  fermenta- 
tion. 

In  the  fecond  vat,  called  the  beating  vat,  the  liquor  is  flrongly  and  inceffantly 
beaten  with  a kind  of  buckets  faflened  to  poles,  till  the  colouring  matter  is  united 
into  a body.  Lewis*,  from  Labat,  fays,  that  much  nicety  is  required  to  hit  the 
point  at  which  the  colour  is  difpofed  to  fubfide,  becaufe  it  is  again  taken  up  if 
the  beating  be  too  long  continued ; and  that  the  manufacturers  accordingly  make 
frequent  obfervations  on  fmall  quantities  of  the  liquid  taken  out  in  a cup.  But 
this  does  not  agree  with  the  affertion  of  M.  Le  Blond -j-,  who  affirms  that  the 
effeft  of  beating  is  to  diffipate  a quantity  of  fixed  air,  by  which  the  blue  fecula 
is  fufpended ; that  this  method  is  inefficient  to  throw  down  the  whole ; but 
that  the  addition  of  lime  water  completely  accomplifhes  it.  It  is  faid  by  Labat, 
that  lime-water,  or  lime,  is  fometimes  ufed  in  the  beating;  and  he  conjeCfures, 
that  the  hardnefs  or  flintinefs  of  fome  indigo  may  be  caufed  by  this  practice. 

As  foon  as  it  is  judged  from  the  blue  colour  of  the  liquid  that  the  beating  is 
fufficient,  it  is  left  at  reft  for  two  hours ; after  which  the  dear  liquor  is  drawn  off 
by  cocks  in  the  fide  of  the  vat,  and  the  blue  part  is  difeharged  by  another  cock 
into  a third  vat,  where  it  is  fuffered  to  fettle  for  fome  time  longer ; then  conveyed 
in  a half  fluid  ftate  into  bags  of  cloth,  to  ftrain  off  more  of  its  moifture ; and 
laftly,  expofed  to  the  air  in  the  (hade  in  fhallow  wooden  boxes,  till  it  is  thoroughly 

dry-  % 

The  indigo  thus  produced  differs  in  its  quality,  not  only  according  to  that  of 
the  plant,  but  likewife  the  care  taken  in  manufaCluring  it.  Its  colouring  part 
appears  neverthelefs  to  be  always  the  fame,  and  its  variations  depend  only  on  the 
admixture,  of  foreign  matter,  and  the  confiftence  it  acquires  in  drying. 

Berthollet  fpeaks  of  the  indigo  from  Guatimala,  as  the  beft  of  any.  It  is  fo 
light  as  to  fwim  on  the  furface  of  water  inftead  of  linking  to  the  bottom,  as  all 
the  other  kinds  do.  Another  kind  is  called  coppery  indigo,  becaufe  its  furface 
acquires  a copper  colour  when  rubbed  with  a hard  body  : there  are  other  kinds 
of  lefs  purity,  fuch  as  that  from  Carolina. 

Bergman  examined  this  drug  in  his  ufuai  mafterly  way  : he  found  that  one 
ninth  part  of  the  indigo  was  taken  up  by  boiling  it  in  Water.  The  parts  difl'olved 
were  partly  mucilaginous,  partly  aftringent,  and  partly  faponaceous.  The 

t*  On  Neumann,  ii.  237,  f Berthollet  on  Dying,  ii,  47.  But  vide  infra,  p.  398. 
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folution  of  alum,  and  of  martial  as  well  as  cupreous  vitriol,  precipitate  the 

aftringent  portion. 

M.  Quatremere  likewife  feparated  the  foluble  part  of  indigo  by  means  of 
water.  He  pretends  that  the  quantity  thus  taken  up  is  more  in  proportion,  as 

the  indigo  is  of  inferior  quality;  and  affirms,  that  the  indigo  thus  purified  is 

equal  to  the  beft.  Berthollet  remarks  upon  this  method  of  purifying,  that  though 
doubtlefs  advantageous,  it  is  not  perfectly  effectual,  becaufe  it  leaves  the  earthy 
infoluble  parts,  which,  though  not  detrimental  to  the  colour,  muft  certainly  affecb 
the  proportion  of  colouring  matter. 

Powder  of  indigo,  digefted  in  pure  ardent  fpirit,  afforded  a tindlure,  firft  yel- 
low, then  red,  and  laftly  brown.  By  feveral  repetitions  of  this  procefs  it  loft 
one  twenty-feventh  part  of  its  weight.  Water  being  added  to  the  fpirit,  threw 
down  a brownilh  refinous  matter. 

Ether  had  nearly  the  fame  aflion  90  indigo  as  the  ardent  fpirit ; but  oils, 
whether  fixed  or  volatile,  affedled  it  very  little. 

Bergman  mixed  one  part  of  well  pulverized  indigo  with  eight  parts  of  colourlefs 
vitriolic  acid,  of  the  fpecific  gravity  of  1,900,  in  a glafs  veflel  flightly  clofed. 
The  acid  very  quickly  adted  upon  the  indigo,  and  excited  much  heat.  After  a 
digeftion  of  twenty-four  hours  the  folution  was  effedted;  but  the  mixture  was 
opake  and  black.  By  the  addition  of  water  it  became  more  tranfparent,  exhi- 
biting in  fucceffion  all  the  fhades  of  blue,  according  to  the  quantity  of  water 
added.  At  leaft  twenty  pounds  of  water  were  required  to  render  the  fmalleft 
drop  of  the  folution  imperceptible  in  a cylindric  glafs  of  feven  inches  diameter. 

If  the  vitriolic  acid  be  firft  diluted  in  the  water,  it  attacks  only  the  earthy 
principle  which  is  mixed  with  the  indigo,  and  fome  of  the  mucilaginous  parts. 

The  fixed  alkalis  perfedtly  mild,  that  is,  faturated  with  fixed  air  or  aerial  acid, 
feparate  a very  fine  blue  powder  from  the  folution  of  indigo,  which  is  depofited 
very  flowly.  Bergman  diftinguifhes  this  by  the  name  of  precipitated  indigo. 
It  is  alfo  obtained  by  pouring  the  folution  drop  by  drop  into  ardent  fpirits,  or 
into  the  faturate  folutions  of  alum,  of  Glauber’s  fait,  or  of  other  falts  containing 
the  vitriolic  acid.  But  the  liquid  always  remains  a little  coloured. 

The  concentrated  nitrous  acid  attacks  indigo  with  fo  much  activity  as  to  fet 
it  on  fire;  but  if  the  acid  be  properly  diluted,  it  adts  with  lefs  violence.  The 
colour  of  the  indigo  becomes  ferruginous,  and  the  refidue,  which  has  the  appear- 
ance of  amber,  amounts  to  no  more  than  one  third  of  the  weight  of  the  indigo. 
Fixed  alkali  precipitates  from  the  acid  a fmall  quantity  of  calx  of  iron,  mixed 
with  the  calcareous  and  ponderous  earths.  But  if  too  much  alkali  be  added, 
part  of  /the  precipitate  is  re-diffolved,  and  the  colour  of  the  fluid  is  rendered 
deeper  than  before. 

Hauffman,  in  a very  interefting  differtation  *,  has  given  a more  connected  fet 
of  obfervations  on  the  changes  produced  in  indigo  by  the  pale  nitrous  acid. 
When  the  whole  of  the  indigo  he  had  expofed  to  the  adtion  of  this  acid  had  ap- 
peared to  be  deftroyed,  he  found  in  the  veflel  a coagulum,  which,  after  all  the 
nitrous  acid  had  been  carried  off  by  wafhing,  formed  a brown  vifcid  mafs  of  the 
appearance  of  a gum  refin.  It  was  foluble  in  pure  ardent  fpirit,  which  indigo 
is  not,  and  was  not  foluble  in  water,  but  when  the  quantity  was  great.  It  was 
more  foluble  in  hot  water  than  cold,  and  was  confiderably  bitter.  The  w.ater 
which  had  been  uled  in  the  lotions,  afforded  by  evaporation  fmall  cryftals,  which 


Quoted  by  Berthollet  on  Dying,  ii.  34.  It  is  found  in  the  J.  de  Phyfique  for  March  1788. 
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exhibited  feveral  of  the  properties  of  the  acids  of  tartar  and  of  forrel,  but  which 
were  not  precifely  determined  by  the  author. 

The  marine  acid  by  digedion,  and  even  boiling  upon  indigo,  takes  up  the 
earthy  matter,  the  iron,  and  a little  of  the  extradive  matter,  which  gives  it  a 
brown  colour,  but  in  no  refped  attacks  the  blue  colour.  If  the  indigo  be  pre- 
cipitated from  the  vitriolic  acid,  the  marine  acid  will  very  readily  take  up  a cer- 
tain quantity,  and  acquires  a deep  blue  colour. 

Other  acids,  fuch  as  thofe  of  tartar,  of  ants,  of  vinegar,  and  of  phofphorus, 
have  the  lame  habitudes  with  indigo  as  the  marine;  that  is,  they  do  not  attack 
it,  but  diffolve  the  precipitate  very  well.  Vitriolic  acid  too  much  diluted  to  be 
capable  of  diffolving  indigo,  or  nitrous  acid,  which  from  the  fame  caufe  is  too 
weak  to  ad  upon  it,  take  up  only  the  earthy  and  extradive  parts,  which  are  fo- 
reign to  the  colouring  matter. 

The  dephlogifticated  or  aerated  marine  acid  has  fcarcely  any  effed  upon 
indigo  in  fubftance;  but  it  deftroys  the  colour  of  indigo  in  a ftate  of  folution. 
Berthollet  applied  it  to  the  folution  in  vitriolic  acid.  By  the  admixture  of  the 
aerated  marine  acid  the  blue  colour  was  entirely  deftroyed,  and  the  fluid  became 
of  a yellow  brown.  He  evaporated  it  in  this  ftate,  and  obtained  by  gradual  ae- 
pofition  a vifcid  blackifh  matter,  which  appeared  to  be  of  the  fame  nature  as  that 
afforded  to  Mr.  Hauffman  by  the  nitrous  acid. 

This  effedl  of  the  aerated  marine  acid  is  confidered  by  Berthollet,  as  affording 
a good  method  of  afcertaining  the  proportional  quantities  of  colouring  matter  irr 
the  different  kinds  of  indigo.  For  this  purpofe  he  takes  equal  weights  of  each 
carefully  powdered,  and  puts  them  into  feparate  mattraffes,  with  eight  times 
their  weight  of  concentrated  vitriolic  acid.  Thefe  are  to  be  kept  for  twenty-four 
hours*in  a heat  between  ioo°  and  120°  of  Fahrenheit,  for  which  purpofe  a dung- 
hill, or  the  tan  bed  of  an  hot-houfe,  may  be  employed.  Each  folution  is  then 
diluted  with  an  equal  quantity  of  water  filtered,  and  the  refidue  found  on  the 
filters  colledled,  feparately  ground  in  a glafs  mortar,  again  digefted  with  a little 
vitriolic  acid,  diluted  with  equal  quantities  of  water,  and  each  added  to  its  cor- 
refponding  liquor.  And  laftly,  to  each  folution  is  added  fo  much  aerated  ma- 
rine acid  as  is  neceffary  to  difcharge  the  colour,  or  rather  to  bring  them  all  to  the 
fame  fhade  of  yellow.  The  goodnefs  of  each  kind  of  indigo  is  proportionate  to 
the  quantity  of  aerated  acid  employed  to  deftroy  the  colour. 

Pure  or  cauftic  fixed  alkali  diffolves  fome  matters  foreign  to  the  colouring 
matter  of  the  indigo,  but  ads  very  little  on  the  colouring  particles.  Pure  vola- 
tile alkali  has  nearly  the  fame  effed.  Precipitated  indigo  is  fpeedily  diffolved  in 
the  cold  in  the  alkalis,  whether  fixed  or  volatile,  if  pure  or  cauftic.  The  blue 
colour  is  gradually  changed  to  a green,  and  at  laft  deftroyed.  But  mild  alkalis 
do  not  alter  the  colour.  Lime  water  has  little  adion  upon  indigo;  but  it 
diffolves  it  when  precipitated,  and  affeds  the  colour  nearly  in  the  fame  manner 
as  cauftic  alkalis  do. 

Indigo  expofed  to  the  adion  of  fire  in  an  open  crucible,  or  under  a muffle, 
fmokes,  fwells  up,  ignites,  and  fometimes  takes  fire  with  a white  flame.  One 
hundred  parts  of  indigo  leave  thirty-three  or  thirty-four  parts  of  allies.  Thefe 
do  not  afford  fixed  alkali  when  lixiviated  with  diftilled  water.  Marine  acid, 
diffolves  the  greateft  part  of  the  afhes  with  a flight  effervefcence.  The  in- 
foluble  remainder  is  about  one  eleventh  part,  and  has  the  charaders  of  filiceous 
earth. 
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From  this  muriated  folution  the  Pruffian  alkali  throws  down  from  thirty  to 
thirty-two  grains  of  the  blue  precipitate,  which  reprefents  five  or  fix  of  iron  in 
the  ounce.  The  alhes  likewise  contain  the  calcareous  and  ponderous  earths,  be- 
fides  the  iron  and  filex. 

Indigo  detonates  ftrongly  with  nitre.  By  deftrufitive  diftillation  it  affords  fixed 
air,  a liquor  containing  a little  volatile  alkali,  and  an  oil  refembling  the  empy- 
reumatic  oil  of  tobacco,  and  very  foluble  in  ardent  fpirit. 

Bergman  concludes  from  his  analyfis,  that  one  hundred  parts  of  good  indigo 


contain 

Of  mucilaginous  matter  feparable  by  water  - 12 

Refinous  matter  foluble  in  ardent  fpirit  - 6 

Earthy  matter  taken  up  by  the  acetous  acid,  which  does 
not  attack  the  iron  here  in  the  ftate  of  calx  22 

Calx  of  iron  taken  up  by  the  marine  acid  - 13 

There  remained  forty-feven  parts,  which  are  the  colouring  matter,  nearly  in  a 
ftate  of  purity;  and  afforded  by  diftillation, 

Fixable  air  2 

Alkaline  liquor  8 

Empyreumatic  oil  - - - 9 

Coal  - 23 

The  coal  when  burned  in  the  open  air  afforded  four  parts  of  earth,  of  which 


nearly  half  was  calx  of  iron,  and  the  reft  filiceous  earth  in  a very  fubtle 
powder. 

From  thefe  refults  Bergman  concludes,  that  indigo  is  a fubftance  analogous  to 
Pruffian  blue  and  the  colouring  matter  of  ink  ; and  that  its  colour,  like  thofe,  is 
owing  to  iron.  Upon  this  deduction  Berthollet  * remarks,  with  regard  to  Berg- 
man’s inference  refpedting  the  iron,  that  by  an  error  in  eflimating  the  value  of  the 
Pruffian  blue,  this  great  chemift  has  ftated  the  quantity  of  this  metal  about  four 
times  too  large  ; that  the  iron  taken  up  by  marine  acid  is  extraneous  to  the 
pure  indigo,  as  well  as  the  earths,  and  the  mucilage  and  refin  taken  up  by 
water  and  ardent  fpirit.  So  that,  on  an  accurate  confideration  of  the  fails,  there 
does  not  appear  to  be  more  than  one  thirtieth  part  of  iron  in  a combined  ftate. 
He  obferves,  that  it  is  at  prefent  well  known,  that  the  produils  of  deftruilive 
diftillation,  fuch  as  oil,  carbonic  acid,  or  fixed  air,  and  volatile  alkali,  do  not 
previoufly  exift  in  bpdies,  but  are  afforded  by  new  combinations  of  the  prin- 
ciples which  formed  the  body  ailed  upon.  And  accordingly  he  concludes,  that 
indigo  contains  a confiderable  quantity  of  hydrogene  or  inflammable  air  in  a 
fixed  ftate,  a final!  quantity  of  azote  or  phlogifticated  air,  a very  fmall  portion 
of  iron,  and  particularly  a larger  quantity  of  coal  than  is  obtained  from  any 
other  known  vegetable  fubftance.  It  does  not  appear  whether  the  filiceous  earth 
be  merely  an  admixture,  or  whether  it  enter  into  the  combination  of  the  co- 
louring  matter. 

From  the  great  quantity  of  coal  and  inflammable  air,  he  accounts  for  the 
combuftibility  of  this  fubftance,  its  detonation  with  nitre,  and  the  effetfts  of  the 
nitrous  and  marine  acids  upon  it.  The  fixity  of  its  colour  is  alfo,  in  conformity 
to  other  obfervations  of  Berthollet,  deduced  from  the  quantity  of  coal,  which 
is  but  flowly  confumed  by  the  a&ion  of  vital  air  from  the  atmofphere.  From  a 
mature  confideration  of  the  procefs  of  the  manufactory,  this  intelligent,  author 
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deduces,  that  the  indigo  exiils  in' the  plant  in  a refinous  flate;  that  the  kind  of 
putrefaction  it  undergoes  is  of  the  nature  of  combuftion,  during  which,  part  of 
its  inflammable  air.  is  burned,  and  part  flies  off;  and  that  the  utility  of  the  procefs 
of  beating,  is  grounded  on  the  facility  it  affords  for  the  abforption  of  vital  air. 
If  the  beating  be  continued  too  long,  the  indigo  is  rendered  black,  and  becomes 
what  is  called  burnt  indigo. 

The  folubility  of  indigo  in  alkalis  appears  to  be  produced  by  the  abffraClion 
of  part  of  the  vital  air  it  had  abforbed,  or,  according  to  the  ancient  theory,  by 
virtue  of  a procefs  of  phlogiflication.  This  appears  to  be  well  eftablifhed  from 
the  experiment  of  Bergman,  wherein  equal  weights  of  martial  vitriol  and  indigo, 
and  double  , the  weight  of  lime,  are  mixed  together  in  water,  and  produce  a 
' folution  of  the  indigo  in  the  lime-water.  But  if  the  iron  of  the  vitriol  be  pre- 
vioufly  calcined  to  a higher  degree,  by  boiling  it  in  much  water  for  feveral  hours, 
and  fubfequent  evaporation,  the  folution  will  not  be  effe&ed,  becaufe  the  preci- 
pitated iron  is  no  longer  difpofed  to  abforb  vital  air,  as  the  experiments  of 
Prieftley  fhew  the  common  precipitate  from  vitriol  to  be.  Or  again,  if  indigo 
be  added  to  a folution  of  cauflic  fixed  alkali,  and  orpiment  be  added  (which 
confifts  of  arfenic  and  fulphur),  the  indigo  is  foon  diffolved,  and  takes  a green 
colour.  If  the  arfenic  correfponding  with  the  orpiment  be  only  added,  the 
bath  will  never  be  fit  for  the  dyer;  but  if  the  quantity  of  fulphur  if  ought  to 
contain  be  added,  the  appearances  of  folution  will  fpeedily  be  had. 

Mr.  Hauffman  proved  by  a direft  experiment,  that  the  folution  of  orpiment 
mixed  with  indigo  is  difpofed  to  abforb  vital  air.  For  having  placed  this  folu- 
tion, which  is  known  in  the  dye-houfes  by  the  name  of  printing  blue,  in  contact 
with  vital  air  expelled  from  nitre,  feven-eighths  of  the  air  was  abforbed,  and  the 
remainder  was  phlogifticated  air.  The  blue  folution  was  entirely  fpoiled.  The 
indigo  was  regenerated.  Some  of  the  alkali  formed  vitriolated  tartar  with  the 
acid  ; a portion  of  the  alkali  remained  pure  and  uncombined  ; and  the  arfenic, 
inftead  of  being  in  the  metallic  Bate  as  it  is  in  the  orpiment,  was  combined  with 
it  in  the  form  of  calx,  or  probably  acidified. 

It  follows  therefore,  that  indigo  contains  vital  air  in  its  natural  Bate;  that  in 
this  flate  it  will  not  unite  with  lime  or  alkalis;  but  that  fubftances  capable  of  de- 
priving it  of  part  of  its  vital  air,  render  it  foluble  in  lime  or  alkalis ; and  laflly, 
that  the  natural  flate  of  the  indigo  is  reflored  by  the  contact  of  vital  air  which 
it  abforbs.  In  this  lafl  way  it  is  that  the  blue  dye  is  effedted.  The  piece  comes 
out  of  the  vat  of  the  fame  colour  as  the  folution  : viz.  green  ; but  becomes  blue 
by  expofure  to  the  air.  The  alkali,  or  lime,  is  carried  off  by  the  wafhing,  and 
the  indigo  remains  combined  with  the  fluff  by  this  means  dyed. 

The  aClion  of  acids,  even  the  vitriolic,  upon  indigo,  appears  to  affedl  it  in  the 
way  of  combuftion  *,  by  which  it  is  fo  far  altered  as  not  to  adhere  fo  ftrongly  to 
wool  or  filk  as  when  in  its  natural  flate.  For  other  interefling  particulars,  con- 
fult  the  Memoir  of  M.  Hauffman  before  cited,  and  compare  with  the  Theories 
of  Bergman  and  Berthollet. 

INFERN  AL  STONE.  Lapis  infernalis.  A name  frequently  given  to  the 
combination  of  filver  with  the  nitrous  acid,  which  is  fufed  into  little  flicks  to  be 
ufed  as  a.  cauflic. 

INFLAMMABLE  AIR,  See  Air  Inflammable, 

INFLAMMABLE  PRINCIPLE.  See  Phlogistics. 
INFLAMMATION  of  OILS.  See  Acid  Nitrous. 
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INFUSION.  The  word  infufion  is  ufed  by  chemifts,  to  denote  a quantity 
of  water  loaded  with  as  much  of  the  principles  of  any  iubftance,  not  totally  fo- 
luble,  as  it  will  take  up  in  the  ufual  temperature  of  the  atmofphere. 

INK.  Every  liquid  or  pigment  ufed  for  writing  or  printing,  is  diftinguilhed 
by  the  name  of  ink.  Common  practice  knows  only  black  and  red. 

Of  black  ink  there  are  three  principal  kinds : i.  Indian  ink,  2.  printers’  ink, 
and  3.  writing  ink. 

The  Indian  ink  is  ufed  in  China  for  writing  with  a brulh,  and  for  painting 
upon  the  foft  flexible  paper  of  Chinefe  manufa&ure.  It  is  afcertained  as  well 
from  experiment  as  from  information,  that  the  cakes  of  this  ink  are  made  of 
lamp  black  and  fize,  or  animal  glue,  with  the  addition  of  perfumes  or  other 
fubfiances  not  effential  to  its  quality  as  an  ink.  It  is  ufed  in  Europe  for  defigns 
in  black  and  white,  in  which  it  poflefles  the  advantage  of  affording  various  depths 
of  (hade,  according  to  its  (late  of  dilution  with  water. 

The  general  cotnpofition  of  printers’  ink  is  well  known,  but  the  particulars  of 
the  procefs  by  which  ink  of  the  beft  quality  is  made  are  kept  fecret  by  the  few 
manufacturers  of  this  article.  It  is  probable,  that  the  demand  is  not  fufficient 
to  afford  inducements  for  men  of  refearch  to  make  many  experiments  on  this 
objeCt,  and  it  is  not  unlikely  that  much  may  depend  on  minute  circumftances  in 
the  management. 

Good  printers’  ink  is  a black  paint,  fmooth  and  uniform  in  its  compofition, 
of  a firm  black  colour,  and  polfeffes  a remarkable  aptitude  to  adhere  to  paper 
thoroughly  impregnated  with  moifture.  It  is  remarkable,  that  this  compofition 
adheres  uniformly  to  the  wetted  (heep-flcin  cover  of  the  printers’-balls,  which  a 
common  oil  paint  would  not  do;  that  it  quits  the  wet  ball  to  adhere  to  the  face 
of  the  dry  metallic  type,  and  this  to  perfe&ly  as  to  leave  a new  fkin  bare  where 
the  type  touches  it  ; and  that  much  the  greater  part  of  the  ink  afterwards  leaves 
the  type  to  adhere  to  the  moillened  paper,  but  will  not  if  the  paper  be  dry.  If 
the  ink  do  not  poffefs  thefe  requilites,  it  will  not  work  well,  but  will  clog  the  face 
of  the  letter,  and  give  an  imperfeCt  impreffion. 

The  * confidence  and  tenacity  of  the  oil  in  this  compofition  are  greatly  in- 
creafed,  and  its  greafinefs  dimimfhed,  by  means  of  fire.  Linfeed  oil  or  nut  oil 
is  made  choice  of  for  this  ufe.  The  nut  oil  is  fuppofed  to  be  the  beft,  and  is 
accordingly  preferred  for  the  black  ink,  though  the  darker  colour  it  acquires  from 
the  fire  renders  it  lefs  fit  for  the  red.  It  is  faid,  thht  the  other  expreffed  oils 
cannot  be  fufficiently  freed  from  their  unCtuous  quality ; whence  the  ink  made 
with  them  dries  exceeding  flowly,  is  apt  to  come  off'  and  fmear  the  paper  in  the 
beating  and  prefling  it  undergoes  in  the  hands  of  the  bookbinder,  or  links  into 
the  fubfiance  of  the  paper  beyond  the  mark  of  the  type,  and  ftains  it  yellow. 

Ten  or  twelve  gallons  of  the  oil  are  fet  over  the  fire  in  an  iron  pot,  capable 
of  holding  at  leaf!;  half  as  much  more;  for  the  oil  fwells  up  greatly,  and  its 
boiling  over  into  the  fire  would  be  very  dangerous.  When  it  boils  it  is  kept 
ftirring  with  an  iron  ladle;  and  if  it  do  not  irfelf  take  fire,  it  is  kindled  with  a 
piece  of  flaming  paper  or  wood  ; for  Ample  boiling,  without  the  adtual  accenfion 
of  the  oil,  does  not  communicate  a fufficient  degree  of  the  drying  quality  required. 
The  oil  is  differed  to  burn  for  half  an  hour  or  more,  and  the  flame  being  then 
extinguifhed  by  covering  the  veffel  clofe,  the  boiling  is  afterwards  continued 
with  a gentle  heat,  till  the  oil  appears  of  a proper  confidence : in  which  date  it 
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Is  called  varnifh.  It  is  neceflary  to  have  two  kinds  of  this  varnifh,  a thicker  and 
a thinner,  from  the  greater  or  leffer  boiling,  to  be  occafionally  mixed  together, 
as  different  purpofes  may  require;  that  which  anfwers  well  in  hot  weather  being 
too  thick  in  cold,  and  large  characters  not  requiring  fo  (tiff  an  ink  as  fmall  ones. 

The  thickeft  varnifh  when  cold  may  be  drawn  into  threads  like  weak  glue  ; 
by  which  criterion  the  workmen  judge  of  the  due  boiling,  fmall  quantities  being 
from  time  to  time  taken  out  and  dropped  upon  a tile  for  this  purpofe.  It  is  very 
vifcid  and  tenacious,  like  the  foft  refinous  juices  or  thick  turpentine.  Neither 
water  nor  ardent  fpirit  diffolves  it ; but  it  readily  enough  mingles  with  frefh  oil, 
and  unites  with  mucilages  into  a mafs  diffufible  in  water  in  an  emulfive  form. 
Boiling  with  cauftic  alkali  produces  a foapy  compound.  It  is  by  wafhing  with 
hot  foap-lees  and  a brufli  that  the  printers  clean  their  types.  The  oil  lofes 
from  one-tenth  to  one-eighth  of  its  weight  by  the  boiling  into  the  thick  varnifh. 
This  lofs  feems  to  differ  in  different  famples  of  the  fame  kind  of  oil.  Dr.  Lewis 
found  that  fifh  oil  loft  three-fourths  of  its  weight  by  this  treatment,  before  it  ac- 
quired thethicknefs  produced  in  linfeed  oil. 

The  workmen  are  accuftomed  to  add  in  the  preparation  of  ten  or  twelve 
gallons  of  oil,  as  foon  as  the  burning  is  over,  a pound  or  two  of  dry  crufts  of 
bread,  and  a dozen  or  two  of  onions,  by  which  they  fuppofe  the  greafinefs  to 
be  more  effectually  deftroyed.  Dr.  Lewis,  with  much  appearance  of  juftice, 
doubts  the  advantage  of  fuch  additions,  and  that  more  efpecially,  as  he  prepared 
the  varnifh  feemingly  of  a good  quality  by  the  fire  alone.  There  are  other  ad- 
ditions of  more  evident  effeCt,  namely,  turpentine  or  litharge,  both  which  are 
occafionally  ufed.  The'  turpentine  is  boiled  firft  by  itfelf  to  a ftate  nearly  of 
.refin,  and  the  oil  being  taken  from  the  fire,  the  hot  fluid  turpentine  is  poured 
in,  and  the  boiling  then  continued  to  the  proper  point.  This  is  fomewhat  dif- 
ficult to  attain,  becaufe  the  mixture  is  more  difpofed  to  grow  too  thick  if  over- 
boiled ; and  is  full  of  little  hard  grains,  probably  of  refin,  if  not  fufficiently 
boiled.  It  is  affirmed  that  varnifh  containing  either  turpentine  or  litharge,  par- 
ticularly the  latter,  is  more  adhefive  than  other  varnifh,  and  prefents  a great 
difficulty  in  cleaning  the  types,  which  foon  become  clogged.  Very  old  oil  requires 
neither  of  thefe  additions.  New  oil  can  hardly  be  brought  into  a proper  ftate 
for  drying,  fo  as  not  to  fet  off,  without  the  ufe  of  turpentine. 

Lamp  black  is  the  common  material  to  give  the  black  colour,  of  which  two 
ounces  and  a half  are  fufficient  for  fixteen  ounces  of  the  varnifh.  Vermilion  is 
a good  red.  They  are  ground  together  on  a ftone  with  a muller,  in  the  fame 
manner  as  oil  paints. 

The  ink  ufed  by  copper-plate  printers  differs  in  the  oil,  which  is  not  fo  much 
boiled  as  to  acquire  the  adhefive  quality.  This  would  render  it  lefs  difpofed  to 
enter  the  cavities  of  the  engraving,  and  more  difficult  either  to  be  fpread  or 
wiped  off.  The  black  is  likewife  of  a different  kind.  Inftead  of  lamp  black 
or  fublimed  charcoal,  the  Frankfort  black  is  ufed,  which  is  a refidual  or  denfer 
charcoal,  faid  to  be  made  from  vine-twigs.  This  is  fofter  and  lefs  gritty  than 
the  ivory  or  other  blacks  prepared  among  us,  and  no  doubt  contains  more  coal 
than  any  animal  refidue,  as  all  thefe  abound  with  phofphorated  lime.  It  is  faid 
that  lamp  black  gives  always  a degree  of  toughnefs  to  the  ink,  which  the  Frank- 
fort black  does  not;  but  the  goodnefs  of  the  colour  feems  to  be  the  leading 
inducement  for  the  ufe  of  the  latter.  A pale  or  brown  black  can  be  much  more 
£afily  endured  in  a book  than  in  the  itnprefiion  of  an  engraving. 
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We  have  no  good  explanation  of  what  happens  with  regard  to  the  chemical 
effedt  of  boiling  and  burning  upon  the  oil  for  printers’  ufe. 

Common  ink  for  writing  is  made  by  adding  an  infufion  or  decodtion  of  the 
nut  gall  to  martial  vitriol,  diffolved  in  water.  A very  fine  black  precipitate  is 
thrown  down,  the  fpeedy  fubfidence  of  which  is  prevented  by  the  addition  of  a 
proper  quantity  of  gum  arabic.  This  is  ufually  accounted  for  by  the  fuperior 
affinity  of  the  acid  of  galls,  which  combining  with  the  iron,  takes  it  from  the 
vitriolic  acid,  and  falls  down.  But  it  appears  as  if  this  were  not  the  fimple  ftate 
of  the  fadts;  for  the  vitriolic  acid  in  ink  is  not  fo  far  difengaged  as  to  aft  Speedily 
upon  freSh  iron,  or  give  other  manifestations  of  its  prefence  in  an  uncombined 
ftate. 

M.  Ribaucourt*  has  paid  particular  attention  to  the  procefs  for  making  black 
ink.  In  his  experiments  the  dark  coloured  rough  galls,  called  Aleppo  galls, 
were  ufed,  which  are  the  beft. 

He  poured  afolution  of  mild  vegetable  alkali  (potaffe)  upon  a Strong  decoft ion 
of  three  ounces  of  galls,  which  precipitated  nine  drams  of  a grey  earth  foluble 
with  effervefcence  in  acids.  The  fupernatant  fluid  was  turbid,  but  the  addition 
of  a fmall  quantity  of  the  alkali  threw  down  a little  brown  matter,  after  which  the 
liquor  became  of  a fine  clear  green.  This  liquid  being  evaporated  to  drynefs 
and  calcined,  afforded  a very  white  vitriolated  tartar  by  lixiviation. 

Hence  he  concludes  that  the  nut  gall,  befides  the  colouring  matter,  contains 
three  drams  per  ounce  of  calcareous  earth,  with  a portion  of  vitriolic  acid,  but 
that  the  vitriolic  acid  not  being. Sufficient  tofaturate  the  earth,  the  remaining  por- 
tion was  originally  fufpended  by  the  aftringent  principle,  or  acid  of  galls. 

In  the  next  place  he  poured  a folution  of  one  pound  of  martial  vitriol 
into  a ftrong  decodtion  of  one  pound  of  nut  galls.  He  diluted  the  mixture 
with  fo  much  water,  as  in  the  whole  made  forty  pounds,  and  left  the  mixture 
at  reft. 

At  the  end  of  twenty-four  hours  the  liquid  was  coloured  of  a very  deep  black- 
iSh  purple.  Upon  decantation,  there  was  found  at  the  bottom  of  the  veffel  a 
very  coarfe  precipitate,  harfh  to  the  touch,  which  being  collected  on  the  filter 
and  dried,  was  of  a greyifh  blue  colour,  very  compact,  brittle,  and  Shining  in  its 
fradture.  Its  weight  was  eleven  ounces  and  a half. 

Forty  pounds  of  water  were  poured  to  the  decanted  fluid,  which  was  again  left 
at  reft  for  twenty-four  hours.  Its  colour  was  then  found  to  be  much  feebler.  A 
new  deposition  had  been  made,  which  was  feparated  as  before  and  dried.  It  was 
of  a purpliSh  blue,  rare  and  friable  between  the  fingers,  granulated  and  dull  in 
its  fradture.  Its  weight  was  four  ounces  two  drams. 

Forty  pounds  more  of  Water  were  added  to  the  decanted  liquor,  and  after 
twenty-four  hours  fubfidence  it  was  perfectly  difcoloured,  and  exhibited  no  Sign 
of  the  prefence  of  iron,  either  by  the  agency  of  nut  galls,  or  Pruffian  acid;  nor 
of  earth  by  the  addition  of  an  alkali.  The  precipitate  which  had  fubfided  was 
light,  rare,  of  a blue  lefs  purple  and  more  black  than  the  fecond  precipitate ; 
fofter  to  the  touch  while  wet,  and  lighter  and  more  friable  when  dry.  It  weighed 
two  ounces  two  drams. 

* Annales  de  Chimie,  xv.  1 1 3. 

•f  I tranflate  hurts,  onces,  and  gros,  by  pounds,  ounces,  and  drams.  For  though  the  Paris  pound 
is  to  our  Avoirdupois  pound,  as  7560  to  7000,  the  number  of  grains  in  each,  yet  the  fubdivifion 
being  numerically  the  fame,  the  refults  will  not  be  altered  by  omitting  the  reduction. 
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Tbefe  additional  precipitates,  obtained  by  means  of  dilution  with  water,  would 
have  been  very  embarraffing  to  M.  de  Ribaucourt,  if  he  had  not  before  experienced 
a fimilar  decompofition  of  alum,  which  he  fays  depofits  its  earth  entirely  by  the 
addition  of  one  hundred  and  ninety-five  parts  of  water.  By  a diredt  experi- 
ment he  found,  that  fix  hundred  and  eighty-one  parts  of  water  decompofe  one  of 
vitriol  of  iron. 

From  thefe  fails  he  infers,  that  the  calcareous  earth  of  the  galls  unites  with  the 
vitriolic  acid  of  the  vitriol,  and  forms  felenite,  moil  of  which  falls  down  with  the 
firfl  precipitate,  on  account  of  its  infolubility  in  water;  while  the  calx  of  iron 
combines  with  the  colouring  matter  of  the  galls,  and  forms  the  black  fecula 
which  fubfides  more  flowly. 

The  blue  colour  of  the  three  precipitates  obtained  in  the  firfl  fet  of  experi- 
ments, naturally  directed  M.  R.’s  attention  to  the  theory  of  Pruffian  blue;  and 
that  the  more  especially,  as  thefe  precipitates  were  adted  upon  with  difficulty  by 
acids.  This  adlion  has  indeed  been  confidered  as  a proof  that  the  colouring 
matter  is  not  the  fame  in  Pruffian  blue,  which  is  infoluble  in  acids,  and  the 
coloured  iron  in  ink,  which  is  taken  up,  though  flowly.  But  M.  Ribaucourt 
had  recourfe  to  the  common  procefs  of  combining  the  colouring  matter  with  an 
alkali. 

The  firfl  of  the  three  precipitates  placed  over  a gentle  fire,  with  an  alkaline 
folution  (mild  I fuppofe),  fhewed  a confiderable  effervefcence  as  foon  as  the  fluid 
became  warm.  This  he  afcribesto  the  decompofition  of  the  felenite,  which  muft 
have  expelled  fixed  air  from  the  alkali.  The  fluid  affumed  areddifli  colour. 

The  Second  precipitate,  treated  in  the  fame  manner,  fhewed  fcarcely  any  effer- 
vefcence, and  the  colour  of  the  fluid  was  deeper. 

The  third  did  not  effervefce,  and  the  colour  was  nearly  the  fame  as  the  pre- 
ceding. 

Each  of  thefe  folutions,  after  filtration  and  dilution  with  water,  . afforded  Pruffian 
blue,  by  the  addition  of  vitriol  of  iron. 

Logwood  was  found  to  be  an  ufeful  ingredient  in  ink,  becaufe  its  colouring 
matter  is  difpofed  to  unite  with  the  calx  of  iron,  and  renders  it  not  only  of  a very 
dark  colour,  but  lefs  capable  of  change  from  the  adlion  of  acids,  or  of  the  air. 

Vitriol  of  copper  in  a certain  proportion  was  found  to  give  depth  and  firmnefs 
to  the  colour  of  the  ink.  Gum  arabic,  or  other  pure  gums,  was  of  fervice,  by 
retarding  the  precipitation  of  the  fecula;  by  preventing  the  ink  from  fpreading 
or  finking  into  the  paper,  and  by  affording  it  a kind  of  compadl  varnifh,  or 
defence  from  the  air,  when  dry.  Sugar  appeared  to  have  fome  bad  qualities,, 
but  was  of  ufe  in  giving  a degree  of  fluidity  to  the  ink,  which  permitted  the  dofe 
of  gum  to  be  enlarged  beyond  what  the  ink  would,  bear  without  it.  Water  proved 
to  be  the  belt  folvent. 

Lewis  * had  fuppofed  that  the  defedls  of  ink  arife  chiefly  from  a want  of  co- 
louring matter.  But  the  theory,  grounded  on  the  fadls  difcovered  by  M. 
Ribaucourt,  requires  that  none  of  the  principles  fhould  be  in  excels.  If  there 
be  a want  of  the  matter  of  the  galls,  part  of  the  vitriol  will  not  be  decompofed  ; 
if,  on  the  contrary,  there  be  too  much,  the  vitriol  will  take  as  much  as  it  can  de- 
compofe, and  the  remainder  will  be  nearly  in  the  {late  of  the  decoc-lion  of  galls, 
fubjefl  to  change  by  becoming  mouldy,  or  to  undergo  an  alteration  after  writing. 
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which  deftroys  its  legibility  much  rpore  completety  than  the  change  undergone 
byflnk  containing  too  fmall  a proportion  of  the  galls. 

It  is  doubtful  whether  the  principles  of  the  galls  are  well  extradled  bv  cold 
maceration;  and  it  is  certain  that  inks  made  in  this  way  flow  pale  from  the  pen, 
and  a'e  not  of  fo  deep  a black  as  thofe  wherein  ftrong  boiling  is  recurred  to. 

From  all  the  foregoing  confiderations  Mr.  R.  gives  thefe  directions  for  the 
compofit'on  of  good  ink  : 

Take  eight  oui.ces  of  Aleppo  galls  (in  coarfe  powder);  four  ounces  of  log- 
wood (in  thin  chips) ; four  ounces  of  vitriol  of  iron  ; three  ounces  of  gum  arabic 
(in  powder);  one  ounce  of  * vitriol  of  copper,  and  one  ounce  of  fugar  candy. 
Boil  the  galls  and  logwood  together  in  twelve  pounds  of  water  for  one  hour,  or 
till  half  the  liquid  has  evaporated.  Strain  the  decodtion  through  an  hair  fieve, 
or  linen  cloth,  and  then  add  the  other  ingredients.  Stir  the  mixture  till  the 
whole  isdiflolved,  more  efpecially  the  gum;  after  which  leave  it  to  fubfide  for 
twenty-four  hours.  Then  decant  the  ink,  and  preferve  it  in  bottles  of  glafs  or 
Hone  ware,  well  corked. 

On  the  iubjedt  of  this  memoir  of  M.  Ribaucourt  I rnuft  remark,  that  though 
it  is  highly  valuable  for  the  interefting  fadts  it  contains,  and  others  to  which  it 
points,  yet  the  chemical  reader  will  be  in  a certain  degree  diflatisfied  with  the 
loofe  narrative  form  in  which  he  gives  fome  of  his  refults,  inftead  of  the  clofe 
and  orderly  method  of  the  German  chemifts.  The  nature  of  the  earth  thrown 
down  by  an  alkali  from  the  decodtions  of  galls,  that  of  the  fait  obtained  by  lixi- 
viation  of  the  fupernatant  fluid  ; whether  the  precipitate  from  alum  by  mere 
water  was  pure  argillaceous  earth,  or  only  embryon  alum  ; whether  the  Pruflian 
blue  thrown  down  from  his  alkali,  after  digeftion  with  the  atramentous  precipi- 
tate, flood  the  ufual  tefts,  &c.  thefe  and  other  queftions  prefent  themfelves 
for  refolution  from  facts,  which  the  ingenious  author  has  omitted  fully  to  ftate; 
and  from  this  uncertainty  we  are  difpofed  rather  to  invite  the  philofophical 
chemift  to  repeat  and  extend  this  important  feries  of  experiments,  than  to  rely 
implicitly  upon  them. 

Dr.  Lewis  ufes  vinegar  for  his  menftruum;  and  M.  Ribaucourt  has  vitriol  of 
copper  among  his  ingredients.  I have  found  an  inconvenience  from  the  ufe  of 
either,  which,  though  it  does  not  relate  to  the  goodnefs  of  the  ink,  is  fufhciently 
great,  in  their  pradtical  exhibition,  to  forbid  their  ufe.  The  acid  of  the  vinegar 
adts  fo  ftrongly  upon  the  pen,  that  it  very  frequently  requires  mending;  and  the 
vitriol  of  copper  has  a ftill  more  .unpleafant  effedt  on  the  penknife.  It  feldom 
happens  when  a pen  requires  mending  that  the  ink  is  wiped  very  perfedlly  from 
it ; and  often  when  the  nib  only  is  to  be  taken  off,  it  is  done  without  wiping  at 
all.  Whenever  this  is  the  cafe,  the  ink  immediately  depofits  a film  of  copper 
upon  the  knife,  and  by  fuperior  eledtive  attradlion  of  the  vitriolic  acid,  a cor- 
refpondent  portion  of  the  edge  of  the  knife  is  difiolved,  and  is  by  this  means 
rendered  incapable  of  cutting  till  it  has  been  again  fet  upon  the  hone. 

Inks  of  other  colours  may  be  made  from  a ftrong  decodtion  of  the  ingredients 
ufed  in  dying,  mixed  with  a little  alum  and  gum  arabic.  For  example,  a 
ftrong  decodtion  of  Brazil  wood,  with  as  much  alum  as  it  can  diffolve,  and  a 
little  gum,  forms  a good  red  ink.  Thefe  procefles  confift  in  forming  a lake, 
and  retarding  its  precipitation  by  the  gum.  See  Lake. 


* See  the  obje&ion  in  the  next  paragraph  but  one. 
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Among  the  amnfing  experiments  of  the  art  of  chemiftry,  the  exhibition  of 
fympathetic  inks  holds  a diftinguifhed  place.  With  thefe  the  writing  is  invifible, 
until  fome  reagent  gives  it  opacity.  We  fhall  here  mention  a few  out  of  the 
great  number,  that  a flight  acquaintance  with  chemiftry  may  fuggeft  to  the 
ftudent.  1.  If  a weak  folution  of  galls  be  u fed,  the  writing  will  be  invifibje 
till  the  paper  be  moiftened  with  a weak  folution  of  vitriol  of  iron.  It  then  be- 
comes black,  becaufe  thefe  ingredients  form  ink.  2.  If  paper  be  foakcd  in  a 
weak  folution  of  galls,  and  dried,  a pen  dipped  in  the  folution  of  vitriol  will  write 
black  on  that  paper,  but  colourlefs  on  any  other  paper.  3.  The  diluted  folutions 
of  gold,  filver,  or  mercury,  remain  colourlefs  upon  the  paper,  till  expofed  to 
the  fun’s  light,  which  gives  a dark  colour  to  the  calxes,  and  renders  them  vifible. 
4.  Moft  of  the  acids  or  faline  folutions  being  diluted,  and  ufed  to  write  with, 
become  vifible  by  heating  before  the  fire,  which  concentrates  them,  and  aflifts 
their  aflion  on  the  paper.  5.  Diluted  Pruflian  alkali  affords  blue  letters  when 
wetted  with  the  folution  of  martial  vitriol.  6.  The  folution  of  cobalt  in  aqua 
regia,  when  diluted,  affords  an  ink  which  becomes  green  when  held  to  the  fire, 
but  difappears  again  when  fuffered  to  cool.  This  has  been  ufed  in  fanciful  draw- 
ings of  trees,  whofe  green  leaves  appeared  when  warm,  and  vanifhed  again  by 
cold.  This  effedl  has  not  been  explained.  If  the  heat  be  continued  too  long 
after  the  letters  appear,  it  renders  them  permanent. 

Sympathetic  inks  have  been  propofed  as  the  inftruments  of  fecret  correfpond- 
ence.  But  they  are  of  little  ufe  in  this  refpetft,  becaufe  the  properties  change  by 
a few  days  remaining  on  the  paper ; moft  of  them  have  more  or  lefs  of  a tinge 
when  thoroughly  dry  ; and  none  of  them  refift  the  teft  of  heating  the  paper  till  it 
begins  to  be  fcorched. 

INSECTS.  Various  important  products  are  obtained  from  infefts.  • The 
chief  are,  1.  Cantharides.  2.  Millipedes.  3.  Cochenille,  or  Co- 
chineal. 4.  Kermes.  5.  Lac.  6.  Silk..  7.  Wax.  For  all  which  the 
feveral  titles  may  be  confulted. 

INSTRUMENTS,  CHEMICAL.  See  Balance,  Thermometer,  Ap- 
^paratus,  Laboratory. 

INTERMEDIUM,  or  MEDIUM.  When  two  chemical  principles,  which 
are  not  difpofed  to  unite,  are  made  to  enter  into  a triple  compound,  by  the  ad- 
dition of  a third,  this  laft  is  frequently  called  the  medium,  or  intermedium. 
Thus  fat  oils  are  made  to  unite  with  water  by  the  intermedium  of  a pure  alkali, 
which  converts  the  oil  into  foap. 

IRON.  Is  a metal  of  a blueifh  white  colour,  of  confiderable  hardnefs  and 
elafticity;  very  malleable,  exceedingly  tenacious  and  du&ile,  and  of  a moderate 
ipecific  gravity  among  metallic  fubftances.  It  is  much  difpofed  to  ruft  by  the 
accefs  of  air,  or  the  a&ion  of  water,  in  the  common  temperature  of  the  atmo- 
fphere.  The  appearance  of  prifmatic  colours  on  its  poliftied  furface  takes  place 
long  before  ignition  i and  at  fo  low  a temperature,  that  the  flighted  coating  of 
greafe  is  fufficient  to  prevent  their  appearance  by  defending  it  from  the  contact  of 
air.  It  may  be  ignited,  or  at  leaft  rendered  fufficiently  hot  to  fet  fire  to  brim- 
ftone,  by  a quick  fucceflion  of  blows  with  a hammer.  When  ftruck  with  a flint, 
or  other  hard  ftone,  it  emits  decrepitating  ignited  particles,  fuch  as  can  be  ob- 
tained from  no  other  metal  by  the  fame  means.  Thefe  particles  are  feldom 
larger  than  the  two  hundredth  part  of  an  inch  in  diameter;  and  when  examined 
by  a magnifier,  are  found  to  be  hollow,  brittle,  and  of  a greyifh  colour,  refem- 
bling  the  fcales  of  burned  iron.  This  metal  is  eafily  calcined  by  fire.  A piece 
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of  iron  wire,  immerfedin  ajar  of  vital  air,  being  ignited  at  one  end,  will  be  en- 
tirely confumed  by  the  fucceflive  combuftion  of  its  parts.  It  requires  a mod  in- 
tenfe  heat  to  fufe  it ; on  which  account  it  can  only  be  brought  into  the  fhape  of 
tools  and  utenfils  by  hammering.  This  high  degree  of  infufibility  would  deprive 
it  of  the  mod  valuable  property  of  metals,  namely,  the  uniting  of  fmaller  maffes 
into  one,  if  it  did  not  poffefs  another  fingular  and  advantageous  property,  which 
is  found  in  no  other  metal  except  platina;  namely,  that  of  welding.  In  a white 
heat,  iron  appears  as  if  covered  with  a kind  of  varnifli  ; and  in  this  date,  if  two 
pieces  be  applied  together,  they  will  adhere,  and  may  be  perfectly  united  by 
forging.  Iron  is  thought  to  be  the  only  fubftance  in  nature  which  has  the  pro- 
perty of  becoming  magnetical.  It  is  highly  probable,  from  the  great  abundance 
of  this  metal,  that  all  fubftances  which  exhibit  magnetifm  do  contain  iron  ; but 
it  mull  be  confeffed  that  there  remain  many  experiments  to  be  made  among  the 
earths  and  powders  which  exhibit  magnetical  properties,  before  this  negative 
propofition,  which  confines  magnetifm  to  iron,  can  be  admitted  as  proved. 

When  iron  is  expofed  to  the  aftion  of  pure  water,  it  acquires  weight  by 
gradual  calcination,  and  inflammable  air  efcapes : this  is  a very  flow  operation. 
But  if  the  fleam  of  water  be  made  to  pafs  through  a red-hot  gun  barrel,  or 
through  an  ignited  copper  or  glafs  tube,  containing  iron  wire,  the  iron  becomes 
converted  into  a calx  ; while  inflammable  air  pafles  out  at  the  other  end  of  the 
barrel.  This  capital  experiment  * may  be  accounted  for  according  to  the  ancient 
and  modern  theories.  In  the  ancient  theory,  it  is  fuppofed  that  the  water  has 
combined  with  the  iron,  and  difengaged  its  phlogifton  in  the  form  of  inflam- 
mable air;  and  confequently  that,  when  this  calx  is  again  revived  by  heating  a 
portion  of  it  in  inflammable  air  with  a burning  glafs,  and  water  appears,  at  the 
fame  time  that  part  of  the  inflammable  air  is  abforbed,  the  iron  has  imbibed 
phlogifton,  and  given  out  its  water.  Clear  as  this  explanation  appears  to  be,  the 
folution  afforded  by  the  modern  theory  is  not  lefs  perfpicuous.  The  maintainers 
of  this  theory  reafon  as  follows : Iron  has  not  been  fhewn  to  be  a compound  fub- 
flance;  let  us  therefore  confider  it  as  a Ample  fubftance,  until  we  poffefs  experi- 
ments which  fhew  the  contrary.  Water  has  been  fhewn  to  be  a compound  fab- 
fiance,  by  the  experiment  of  its  produftion,  by  burning  dephlogifticated  and 
inflammable  air  together.  We  may  fairly  therefore  affirm,  that  the  inflammable 
air  came  from  the  water,  in  which  we  know  it  to  exift;  and  that  the  vital  air  of 
the  water,  the  peculiar  inftrument  of  calcination,  has- combined  with  the  iron.. 
On  the  other  hand,  when  the  iron  is  revived  in  inflammable  air,  the  water  which 
appears  is  the  very  produft  of  combination  which  was  decompofed  in  the  former 
inflance.  For  the  vital  air  quits  the  iron  to  unite  in  the  fluid  ftate  with  the  in- 
flammable air ; and  the  iron  being  fet  at  liberty,  recovers  its  original  ftate;  that , 
is  to  fay,  it  is  revived. 

That  the  iron,  in  the  one  inflance,  attradls  vital  air  from  the  water,  and  dif- 
engages  inflammable  air ; and,  in  the  other  inflance,  exhibits  a lefs  affinity  with 
that  fubftance,  fo  as  to  reftore  it  to  its  former  combination  ; is  a difficulty  which, . 
in  the  prefent  ftate  of  our  information,  can  only  be  accounted  for  by  fuppofing 
that  the  temperature  in  the  furnace  differs  from  that  produced  by  the  burning 
glafs;  and  that  thefe  affinities,  like  moft  others  in  chemiftry,  are  not  the  fame 
at, all  temperatures.  This  difficulty  affedls  both  theories  alike  ; for  it  is  noteafier, 
( 

* Of  M.  Lavoifier.  . 
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to  account  for  the  contrary  tranfitions  of  water  and  phlogifton,  which  mutually 
expel  each  other  in  the  old  theory,  than  for  the  tranfitions  of  dephlogifticated  and 
inflammable  air  in  the  new  theory. 

The  philofophers  who  rejed  phlogifton  infift,  moreover,  that  the  weight  of 
the  inflammable  air  produced,  being  deduded  from  the  weight  of  the  water  made 
ufe  of,  leaves  a quantity  equal  to  the  increafe  the  iron  gains  by  calcination  ; and 
that  by  burning  the  whole  inflammable  air  produced,  with  a quantity  of  vita  lair 
equal  in  weight  to  the  gain  of  the  iron,  a new  quantity  of  water  is  recompofed, 
which  is  equal  likewife  to  that  made  ufe  of.  Hence  they  urge,  that  it  is  infinite- 
ly more  probable  that  the  inflammable  air  came  from  the  water  than  from  the 
iron.  The  latter  fad,  of  the  recompofition,  is  in  their  favour;  but  the  former 
is  not.  For  whatever  the  inflammable  air  comes  from,  the  firft  equation  will  be 
true;  that  is  to  fay,  if  the  iron  give  out  phlogifton,  and  receive  water,  its  ac- 
ceflion  of  weight  will  be  equal  to  the  difference  between  the  water  it  has  received, 
and  the  phlogifton  it  has  loft;  but  the  reprodudion  of  the  water  loft  will  Ihew 
that  the  inflammable  air  really  correfponds  with  the  quantity  required  to  form* 
fo  much  water,  if  we  admit  the  accuracy  of  the  experiments. 

The  concentrated  vitriolic  acid  fcarcely  ads  on  iron,  unlefs  it  be  boiling. 
When  the  acid  is  difti>lled  to  drynefs  from  this  metal,  the  retort  is  found  to  con- 
tain fublimed  flowers  of  fulphur,  and  a white  vitriolic  mafs,  partly  foluble  in 
water  : the  produd  which  comes  over  is  volatile  vitriolic  acid,  and  vitriolic  acid 
air.  If  the  vitriolic  acid  be  diluted  with  two  or  three  parts  of  water,  it  diflolves 
iron  readily,  without  the  afliftance  of  any  other  heat  than  is  produced  by  the  ad 
of  combination.  During  this  folution,  inflammable  air  efcapes  in  large  quanti- 
ties. If  heat  be  applied,  the  acid  proceeds  to  dilfolve  more  iron,  and  depofits  a 
white  faline  mafs,  or  pale  vitriol  of  iron. 

The  combination  of  vitriolic  acid  and  iron,  called  martial,  vitriol,  is  much 
more  foluble  in  hot  than  cold  water  ; and  therefore  cryftallizes  by  cooling,  as 
well  as  by  evaporation.  The  cryftals  are  efflorefcent,  and  fall  into  a white  pow- 
der by  expofure  to  a dry  air,  the  iron  becoming  more  calcined  than  before.  A 
folution  of  martial  vitriol,  expofed  to  the  air,  imbibes  its  vital  part;  and  a 
portion  of  the  iron,  becoming  too  much  calcined  to  adhere  to  the  acid,  falls  to 
tire  bottom  in  the  form  of  ochre.  The  folution,  as  well  as  the  cryftals  it  affords 
by  evaporation,  are  thus  rendered  paler  than  before. 

Martial  vitriol  is  not  made  in  the  dired  way,  becaufe  it  can  be  obtained  at 
lefs  charge  from  the  decompofition  of  martial  pyrites. 

The  d 1 ffi  rent  appearances  which  accompany  the  folutions  of  iron  in  the  vi- 
triolic acid,  may  be  accountedfcr  according  to  the  principles  either  of  the  ancient 
or  modern  theories.  In  the  ancient  theory,  the  iron,  being  fuppofed  to  contain 
phlogifton  or  the  principle  of  inflammability,  is  calcined  in  both  cafes;  that  is 

* Tt  may  be  urged  that  the  two  airs  contain  much  water;  and  for  that,  as  well  as  other  reafons, 
their  abfolute  quantities  cannot  be  afcertained.  But  it  is  not  required  to  afcertain  their  abfolnte  quan- 
tities : for  it  vs  enough  if  the  two  airs  in  this  recompofition  be  exa&Iy  in  the  fame  date  as  in  the  ori- 
ginal experiment,  by  which  the  component  parts  of  water  were  determined.  If  a certain  portion  of 
water  be  neceflary  to  inflammable  air  in  the  elaftic  (late,  it  muft  of  courfe  take  it  from  the  fleam  in  the 
gun-barrel  at  the  inftant  of  its  extrication,  and  not  afterwards  from  the  water  of  the  receivers : this 
requires  to  be  confirmed  by  an  experiment  over  mercury.  How  far  Dr.  Prieftley’s  experiments  (Phil. 
Tranf.  Ixxviii  and  lxxix)  may  affe&  the  pofition,  that  water  is  a compound  fubftance,  cannot  be 
clearly  alcertained  until  it  is  (hewn  that  the  acid  produced  in  burning  the  two  airs  does  hot  arife 
from  impurity  in  one  or  both  of  them. 

to 
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to  fay,  it  gives  out  phlogifton*.  With  the  concentrated  acid  the  folucion  does 
not  take  place;  becaufe  the  capacity  of  the  mixture  for  heat,  and  confequently 
its  abfolute  quantity  of  heat,  is  too  fmall  to  fupply  what  the  increafed  capacity 
of  the  vitriolic  acid  air  would  require,  and  confequently  the  iron  is  not  decom- 
pofed.  But  when  heat  is  applied,  the  phlogifton  of  the  iron  uniting  with  the 
bafis  of  part  of  the  acid,  forms  fulphur  ; which,  together  with  another  portion 
of  the  acid,  rifes  in  the  form  of  vitriolic  acid  air;  at  the  fame,  time  that  the 
vital  air  of  the  decompofed  acid  unites  with  the  calx  of  iron,  which  becomes 
foluble  in  the  acid  that  remains  ; but  when  much  water  is  prefent,  as  in  the 
diluted  acid,  the  heat  is  fupplied  from  the  great  capacity  of  the  water;  the 
phlogifton  of  the  iron  aflumes  the  elaftic  form ; and  inflammable  air  flies  off, 
while  the  acid  unites  with  the  calx  of  iron,  and  forms  vitriol.  The  deqompo- 
fltion  of  the  acid  in  the  former,  and  not  in  the  latter  cafe,  is  accounted  for  from 
its  ftrong  attraction  to  the  water.  A confiderable  heat,  applied  with  the  diluted 
acid,  calcines  the  iron  more  perfectly  ; which  then  either  enters  into  the  compo- 
fltion  of  pale  vitriol,  containing  a larger  proportion  of  acid,  or  falls  down  in  the 
form  of  calx.  The  accefs  of  air  does  the  fame  thing  more  gradually. 

In  the  antiphlogiftic  theory,  iron  isaflumed  to  be  afimple  fubftance ; vitriolic 
acid  is  faid  to  be  compofed  of  vital  air  and  fulphur ; and  water  is  admitted  to 
be  decompofable.  When  iron  therefore  is  applied  to  concentrated  vitriolic  acid; 
the  principles  retain  their  order  of  combination  at  a common  temperature  ; but 
as  foon  as  the  temperature  is  raifed,  the  iron  becomes  calcined,  by  attrading 
vital  air  from  part  of  the  acid,  whofe  fulphur  is  therefore  fet  at  liberty,  *and 
flies  off  with  another  portion  of  the  acid,  in  the  form  of  vitriolic  air;  while 
the  remaining  acid  combines  with  part  of  the  calx.  But  when  the  acid  is  more 
diluted,  the  water  itfelf  is  decompofed ; its  inflammable  air  is  difengaged  ; its 
vital  air  unites  with,  and  calcines  the  iron-;  and  the  vitriolic  acid  diffolves  the 
calx. 

The  neceflity  of  heat  being  applied  to  the  concentrated  folution  in  the  one  cafe 
rather  than  the  other,  may  be  referred  to  the  capacities  of  the  bodies  before 
and  after  the  change,  in  either  theory.  But  it  muft  be  confeffed,  that  the  caufe 
of  the  dilengagement  of  vitriolic  air  in  the  one  cafe,  and  inflammable  in  the 
other,  is  not  fo  well  folved.  It  has  not  been  explained,  upon  the  old  theory, 
why  the  phlogifton  in  one  cafe  unites  with  the  acid,  and  forms  fulphur,  and  in 
the  other  flies  off  alone  ; neither  has  it  been  fhewn,  in  the  new  theory,  why  the 
water  fhould  not  be  decompofed  in  the  former  inftance,  as  well  as  the  latter. 

The  further  calcination  of  the  iron  by  heat,  or  by  expofure  of  the  folution  to 
the  air,  is  accounted  for,  in  the  new  theory,  from  the  abforption  of  more  vital 
air.  The  general  fad,  that  a definite  degree  of  calcination  is  neceflary  for  the 
moft  per  fed  folution  of  metals  in  acids,  depends  on  attradions  which  have 
not  been  experimentally  refolved ; but  which,  in  the  way  of  conjedure,  may 
be  as  ealily  accounted  for  by  one  theory  as  by  the  other. 

Vitriol  of  iron  is  decompofed  by  alkalis  and  by  lime.  Cauftic  fixed  alkalb 
precipitates  the  iron  in  deep  green  flo  ks,  which  are  diflolved  by  the  addition 
of  more  alkali,,  and  form  a red  tindure.  The  mild  alkali  does  not  re-diffolve 
the  precipitate  it  throws  down,  which  is  of  a greenifh  white  colour.  Dif- 

* Kirwan,  in  Philof.  Tranfaft.  voh  lx-xii ; and  Effay  on  Phlogifton,  London.,  1789,  page  62,  or 
page  z8  of  the  old  edition. 
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till  at  ion  feparates  the  acid  from  martial  vitriol,  and  leaves  the  brown  calx  of 
iron,  called  colcothar. 

Vegetable  aftringent  matters,  fuch  as  nut-galls,  the  hulks  of  nuts,  logwood, 
tea,  &:c.  which  contain  the  acid  of  galls  hereafter  to  be  defcribed,  precipitate 
a fine  black  fecula  from  martial  vitriol,  which  remains  fufpended  for  a Confider- 
able  time  in  the  fluid,  by  the  addition  of  gum  arabic.  This  fluid  is  well  known 
by  the  name  of  ink.  See  Ink. 

The  beautiful  pigment,  well  known  in  the  arts  by  the  name  of  Pruffian  blue, 
is  likewife  a precipitate  afforded  by  martial  vitriol.  See  Blue  Prussian;  alfo 
Acid  of  Prussian  Blue. 

Concentrated  nitrous  acid  ads  very  ftrongly  upon  iron  filings,  much  nitrous 
air  being  difengaged  at  the  fame  time.  The  folution  is  of  areddifh  brown,  and 
depofits  the  calx  of  iron  after  a certain  time;  more  efpecially  if  the  veffel  be  left 
expofed  to  the  air.  A diluted  nitrous  acid  affords  a more  permanent  folution 
of  iron,  of  a greenifh  colour,  or  fometimes  of  a yellow  colour;  neither  of  the 
folutions  affords  cryffals;  but  both  depofit  the  calx  of  iron  by  boiling,  at  the  fame 
time  that  the  fluid  affumes  a gelatinous  appearance.  This  magma,  by  diftillation, 
affords  fuming  nitrous  acid,  much  nitrous  air,  and  fome  phlogifticated  air ; a 
red  calx  being  left  behind,  which,  in  all  probability,  retains  molt  of  the  vital 
air  of  the  acid. 

If  vegetable  alkali  be  added  to  the  nitrous  folution  of  iron,  a brown  precipi- 
tate falls  down ; of  which  a fmall  quantity  is  rediffolved  by  the  alkali.  Mild 
vegetable  alkali  feparates  a yellowifh  calx,  which  foon  becomes  of  a beautiful 
orange  red  colour.  If  the  mixture  be  agitated  during  the  effervefcence,  the  pre- 
cipitate is  re'diffolved  in  much  greater  quantity  than  by  the  pure  vegetable  alkali ; 
doubtlefs  by  the  medium  of  the  fixed  air.  This  folution  is  known  by  the  name 
of  Stahl’s  martial  alkaline  tindlure,  and  is  of  a fine  red  colour,  which  however 
is  impaired  by  time.  Pure  volatile  alkali  feparates  a deep  green  and  almoft 
black  precipitate  from  the  nitrous  folution  of  iron.  The  mild  volatile  alkali 
re-diffolves  the  iron,  which  it  feparates  from  the  acid ; and  forms  an  alkaline 
tin&ure  of  a more  lively  colour  than  that  of  Stahl. 

Diluted  marine  acid  rapidly  diffolves  iron,  at  the  fame  time  that  a large 
quantity  of  inflammable  air  is  difengaged,  and  the  mixture  becomes  hot.  In 
this,  as  well  as  in  the  vicriolic  folution  of  iron,  the  fame  quantity  ©f  alkali  is 
faid  to  be  required  to  faturate  the  acid  as  before  the  folution ; whence  it  is  in- 
ferred, that  the  acid  is  not  decompofed,  but  that  the  calcination  is  effected  by 
the  vital  air  of  the  water;  whence  alfo  it  appears  to  follow,  that  the  inflammable 
air  muft  be  afforded  from  the  decompofed  water,  and  not  from  the  metal.  It 
muft  however  be  remarked,  that  this  faft,  as  well  as  mod  of  thofe  upon  which 
the  rejection  of  phlogifton,  or  the  inflammable  principle,  is  grounded,  are  con- 
troverted by  the  philofophers  who  maintain  the  exiflence  of  that  principle. 

The  marine  folution  of  iron  is  of  a yellowifh  green  colour,  and  is  much  more 
'permanent  than  the  folutions  of  that  metal  in  the  vitriolic  or  nitrous  acids; 
though,  like  all  the  other  folutions  of  iron,  it  depofits  its  metal  by  expofure  to 
the  air.  By  evaporation  it  affumes  the  confidence  of  fyrup;  in  which,  needle- 
formed  and  deliquefcent  cryflals  appear.  Some  chemifts  affirm,  that  the  acid 
quits  the  iron  by  diftillation,  though  much  more  difficultly  than  either  the 
nitrous  or  vitriolic  acid;  but  this  interefting  experiment  has  not  been  made 
fince  the  improvements  of  chemiftry  have  led  philofophers  to  attend  to  fuch 
products  as  appear  in  the  permanently  elaftic  ftate. 
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The  marine  folution  of  iron  is  decompofed  by  lime  and  by  alkalis;  but  the 
precipitates  are  more  eafily  reduced  to  the  metallic  flare  than  thofe  afforded  by- 
other  acids.  Liver  of  fulphur,  hepatic  air,  and  aftringents,  dccoinpofe  this,  as 
well  as  the  other  folutions  of  iron;  and  the  pure  Pruflian  alkali  throws  down  a 
very  fine  blue  precipitate. 

Fixed  air,  diffolved  in  water,  combines  with  a conflderable  quantity  of  iron, 
in  proportion  to  its  mafs.  Vinegar  fcarcely  difl'olves  ir,  unlefs  by  the  affiltance 
of  the  air. 

In  the  dry  way,  this  metal  does  not  combine  with  earths,  unlefs  it  be  previ- 
oufly  calcined ; in  which  cafe  it  aflifts  their  iufion,  and  imparls  a green  colour 
to  the  glafs.  It  appears  to  combine  with  alkalis  by  fufion.  Nitre  detonates 
ftrongly  with  it,  and  becomes  alkalized.  Sal  ammoniac  is  decompofed  by  it. 
Two  parts  of  iron  filings,  triturated  with  one  part  of  fal  ammoniac,  and  ex- 
pofed  to  difiillation,  afford  about  one  part  of  liquid  volatile  alkali,  contaminated 
by  a fmall  portion  of  iron-  Some  inflammable  air  comes  over  in  this  difiillation, 
either  from  the  iron  or  from  the  water  contained  in  the  fal  ammoniac;  the 
refidue  confifls  of  iron,  uniced  to  marine  acid.  A medical  preparation  is  made 
by  fubliming  fal  ammoniac  from  a fmall  portion  of  iron  filings;  which  gives  part 
of  the  fait  a yellow  colour.  The  calx  of  iron  decompofes  faL-ammoniac  by 
feizing  its  acid,  even  in  the  cold. 

Sulphur  combines  very  readily  with  iron,  in  the  dry  and  even  in  the  humid 
way,  though  neither  of  thefe  fubftances  is  fcarcely  at  all  foluble  in  water.  A 
mixture  of  iron  filings  and  flowers  of  fulphur  being  moillened,  or  made  into  a 
pafte,  with  water,  becomes  hot,  fwells,  adheres  together,  breaks,  and  emits 
watery  vapours  of  an  hepatic  fmell.  If  the  mixture  be  conflderable  in  quantity, 
as  for  example,  one  hundred  pounds,  it  takes  fire  in  twenty  or  thirty  hours,  as 
foon  as  the  aqueous  vapours  ceafe.  This  effect  may  be  explained  without  diffi- 
culty in  a general  way,  though  the  circumflances  require  to  be  more  minutely 
examined  : — Iron,  fulphur  and  water,  are  placed  in  contact.  The  iron  is 
very  fparingly  foluble  in  water*;  and  the  fulphur  is  probably  foluble  in  a fmall 
degree,  as  may  be  judged  by  its  becoming  fofc  in  that  fluid.  In  the  ancient 
theory,  it  may  be  faid  that  the  fulphur  combines  with  the  calx  of  the  iron,  and 
expels  its  inflammable  air  or  phlogifton.  The  heat  muft  be  deduced,  in  any 
theory,  from  the  change  of  capacity,  or  rapid  commotion,  produced  in  the  adt 
of  union.  This  heat  volatilizes  part  of  the  fulphur,  together  with  the  inflam- 
mable air;  and  if  the  temperature  be  fufficienily  elevated,  thefe  fubftances  will 
take  fire,  at  the  moment  of  their  extrication,  by  the  afliftance  of  the  air  of  the 
attnofphere.  In  the  new  theory,  the  explanation  will  be  nearly  the  fame.  The 
iron  and  the  fulphur,  being  confidered  as  Ample  fubftances,  tend  to  combine 
with  each  other,  through  the  medium  of  vital  air,  which  calcines  the  iron,  and 
is  fuppofed  to  be  afforded  by  decompofition  of  the  water.  The  fame  decompo- 
fition  extricates  inflammable  air  from  the  water.  This,  together  with  the  ful- 
phur, forms  hepatic  air;  which  flying  off  at  the  temperature  of  ignition,  takes  fire 
by  combination  with  the  air  of  the  atmofphere.  In  this  theory  it  may  further  be 
added,  that,  as  fulphur  and  water,  in  contadt,  at  an  elevated  temperature,  afford 
inflammable  air,  which  is  explained  by  the  fuppofition  of  vital  air  combining 
with  the  fulphur,  there  would  be  an  increafe  of  inflammation  from  this  caufe. 
Some  doubt  however  may  be  entertained,  whether  fulphur  be  more  combuftible 
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than  inflammable  air  at  any  temperature,  fince  hepatic  air  depofits  fuphur  when 
detonated  with  vital  air;  which  muft,  in  all  probability,  depend  on  the  latter 
being  lefs  combuftible  at  the  temperature  of  inflammation.  On  the  whole,  it 
appears,  that  fadts  and  obfervations  are  wanting,  rather  than  probable  theories; 
and  that  it  is  fcarcely  necefTary  to  purfue  this  inquiry  more  minutely  in  the  way 
of > argumentative  difquifition.  The  fpontaneoos  combuftion  of  iron  and  ful- 
phur  with  water,  is  evidently  an  effed  of  the  fame  kind  as  the  decompoficion  of 
pyrites. 

Sulphur  combines  very  readily  with  iron  by  fufion  ; and  produces  a compound 
of  the  fame  nature  as  the  pyrites,  and  exhibiting  the  fame  radiated  ftru&ure 
when  broken.  If  a bar  of  iron  be  heated  to  whitenefs,  and  then  touched  with 
a roll  of  fulphur,  the  two  fubftances  combine,  and  drop  down  together  in  a 
fluid  ftate.  It  is  neceflary  that  this  experiment  fhould  be  made  in  a place  where 
there  is  a current  of  air  to  carry  off  the  fumes  ; and  the  melted  matter,  which 
may  be  received  in  a veflel  of  water,  is  of  the  fame  nature  as  that  produced  by 
fufion  in  the  common  way,  excepting  that  a greater  quantity  of  fulphur  is  fufed 
by  the  contact  of  the  bar  of  iron.  The  experiment  of  combining  iron  and 
fulphur  together  by  fufion,  has  not  been  made  with  an  attention  to  the  volatile 
produds,  if  any  be  extricated.  As  neither  of  thefe  fubftances  contains  water, 
and  both  are  fuppofed,  in  the  new  theory,  to  be  Ample  bodies,  the  experiment 
might,  perhaps,  afford  an  interefting  refult. 

If  equal  parts  of  phofphoric  glafs,  and  iron  clippings,  together  with  one- 
fixteenth  of  a part  of  pulverized  charcoal,  be  fufed  together,  the  mixture  is 
very  brittle,  white  in  its  fradure,  and  of  a ftriated  and  granulated  texture. 
This  combination  of  iron  with  phofphoric  acid  is  found  in  the  iron  produced 
from  bog  ores,  which  abound  in  the  remains  of  decayed  vegetables.  It  is  the 
caufe  of  brittlenefs  in  the  iron  when  cold,  which  occasions  that  kind  of  iron  to 
be  called  cold  fliort  iron  by  the  workmen.  Pbofphorated  iron  wras  at  fir  ft  taken 
to  be  a peculiar  metal,  and  was  called  Aderite  by  Bergman. 

Iron  unites  with  gold,  Alver,  and  platina.  When  heated  to  a white  heat,  and 
plunged  in  mercury,  it  becomes  covered  with  a coating  of  that  metal.  Long 
trituration  of  mercurial  amalgams  likewife  caufes  a coating  to  adhere  to  >the  ends 
of  iron  peftles ; final!  ftetfl Tprings,  kept  plunged  beneath  the  furface  of  mercury 
in  certain  barometers,  become  brittle  in  procefs  of  time;  and  the  direft  combi- 
nation of*  iron  and  mercury  in  the  form  of  an  amalgam,  may  be  obtained  by 
triturating  the  filings  with  twice  their  weight  of  alum,  then  adding  an  equal 
weight  or  more  of  mercury,  and  continuing  the  friction,  with  a very  ftnall  quan- 
tity of  water,  till  the  union  is  completed.  Iron  and  tin  very  readily  unite  together, 
as  is  feen  in  the  art  of  tinning  iron  veffels,  and  in  the  fabrication  of  thofe  ufeful 
plates  of  iron,  coated  with  tin,  which  are  generally  diftinguifhed  by  the  fimple 
name  of  tin  alone.  The  chief  art  of  applying  thofe  coatings  of  tin,  confills  in 
defending  the  metals  from  calcination  by  the  accefs  of  air.  After  the  iron  plates 
are  fcraped,  or  rendered  very  clean  by  fcouring  with  an  acid,  they  are  wetted 
with  a folution  of  fal  ammoniac,  and  plunged  into  a veffel  containing  melted 
tin,  the  furface  of  which  is  covered  with  pitch  or  tallow,  to  preferve  it  from 
calcination.  The  tin  adheres  to,  and  intimately  combines  with  the  iron  to  a 
certain  depth,  which  renders  the  tinned  plates  lefs  difpofed  to  harden  by  ham- 
mering, than  before,  as  well  as  much  lefs  difpofed  to  alter,  by  the  united  aftion 
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of  air  and  moidure.  The  procefs  for  tinning  of  iron  veffels  does  not  effen- 
tially  differ  from  that  which  has  already  been  defcribed  of  copper  veffels.  Iron 
does  not  unite  with  bifmuth,  at  lead  in  the  direCt  way.  v3s  nickel  cannot  be 
purified  from  iron  without  the  greated  difficulty,  it  may  be  prefumed  that  thefe 
fubdances  would  readily  unite,  if  the  extreme  infufibility  of  both  did  not  prefent 
an  obflacle  to  the  chemical  operator.  Arfenic  forms  a brittle  fubftance  in  its 
combination  with  iron.  This  femi-metal,  which  is  fo  abundant  in  the  mineral 
kingdom,  is  faid  to  be  the  caufe  of  the  brittlenefs,  which  fome  fpecimens  of  iron 
poffefs  when  hot,  though  malleable  when  cold.  Iron  thus  contaminated,  is 
diftinguifhed  by  workmen,  by  the  name  of  red  fhortiron.  Cobalt  forms  a hard 
mixture  with  iron,  which  is  not  eafily  broken.  The  inflammability  and  vola- 
tility of  zinc  prefent  an  obftacle  to  its  combination  with  iron.  It  is  not  improba- 
ble, however,  but  that  clean  iron  filings  would  unite  with  zinc,  if  that  metal 
were  kept  in  contact  with  them  for  a certain  time,  in  a heat  not  fufficient  to 
caufe  it  to  rife ; for  it  has  been  found  that  zinc  may  be  ufed  in  the  operation  of 
coating  iron  in  the  fame  manner  as  tin.  Antimony  unites  with  iron,  and  forms 
a hard  brittle  combination,  which  yields  in  a flight  degree  to  the  hammer.  The 
combination  of  fulphur  and  the  regulus  of  antimony,  which  is  commonly 
known  by  the  name  of  antimony,  is  decompofed  by  virtue  of  the  greater  affinity 
of  the  iron  to  the  fulphur.  For  this  purpofe,  five  ounces  of  the  points  of  nails 
from  the  farriers  may  be  made  red  hot  in  a crucible,  one  pound  of  pulverized 
ore  of  antimony  mud  then  be  thrown  into  the  crucible,  and  the  heat  quickly 
raifed  to  fufe  the  whole.  When  the  fufion  is  perfect,  an  ounce  of  nitre  in 
powder  may  be  thrown  in,  to  facilitate  the  feparation  of  the  fcori®.  After  the 
mafs  is  cooled,  the  antimony  is  found  feparate  at  the  bottom  of  the  crucible, 
while  the  iron  remains  in  combination  with  the  fulphur  and  alkali.  If  the  pro- 
portion of  the  iron  be  confiderably  greater  than  five  ounces  to  the  pound  of 
antimonial  mineral,  the  regulus  will  be  alloyed  with  iron.  Manganefe  is  almod 
always  united  with  iron  in  the  native  date.  Wolfram  forms  a brittle  whitifh- 
brown  hard  alloy,  of  a compact  texture,  when  fufed  with  white  crude  iron. 

The  habitudes  of  iron  with  the  regulus  of  molybdena  are  not  known. 

Iron  is  the  mod  diffufed,  and  mod  abundant,  of  metallic  fubdances.  Few 
mineral  bodies,  or  dones,  are  without  an  admixture  of  this  metal.  Sands, 
clays,  and  the  waters  of  rivers,  fprings,  rain,  or  fnow,  are  fcarcely  ever  per- 
fectly free  from  it.  The  parts  of  animal  and  vegetable  fubdances  likewife  afford 
iron  in  the  refidues  they  leave  after  incineration.  It  has  been  found  native,  in 
large  maffes,  in  Siberia*,  and  in  the  internal  parts  of  South  America.  This 
metal  however  in  its  native  date  is  fcarce:  mod  iron  is  found  in  the  calciform 
date,  in  ochres,  bog  ores,  and  other  friable  earthy  fubdances,  of  a red,  brown, 
yellow,  or  black  colour.  The  hamatites,  or  blood  dones,  are  likewife  calciform 
ores  of  iron  : thefe  are  either  of  a red  colour,  or  blue,  yellow,  or  brown.  This 
ufeful  metal  is  fo  abundant,  that  whole  mountains  are  compofed  of  iron  done  ; 
whereas,  other  metals  ufually  run  in  fmall  veins.  Befides  the  calciform  ores  of 
iron,  which  are  either  nearly  pure,  or  elfe  mixed  with  earths,  as  in  fpars,  jafper, 
boles,  bafaltes.  Sc c.  iron  is  mineralized  with  fulphur,  as  in  the  pyrites;  or  with 
both.  An  iron  ore  is  likewife  found,  of  a blue  colour,  and  powdery  appearance, 
which  is  thought  to  be  of  the  fame  nature  as  Pruffian  blue.  The  coaly  iron  ores 
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contain  bitumen.  The  magnet,  or  loadftone,  is  an  iron  ore,  whofe  conftitution 
has  not  yet  been  accurately  examined.  Iron  is  alfo  found  in  combination  with 
the  vitriolic  acid,  either  diffolved  in  water,  or  in  the  form  of  vitriol. 

To  analyfe  the  ores  of  iron  in  the  humid  way,  they  mull  be  reduced  to  a very 
fubtle  powder,  and  repeatedly  boiled  in  marine  acid.  If  the  fulphureous  ores 
fhould  prove  flow  of  folution,  a fmall  quantity  of  nitrous  acid  mull  be  added  to 
accelerate  the  operation.  The  iron  being  thus  extracted,  the  infoluble  part  of 
the  matrix  only  will  remain.  Pruflian  alkali,  being  added  to  the  decanted  folu- 
tion, will  precipitate  the  iron  jn  the  form  of  Pruflian  blue.  This  precipitate, 
v/hen  walhedand  dried,  will  loe  equal  in  weight  to  fix  times  the  quantity  of  me- 
tallic iron  it  contains ; and  from  this  iron  four  parts  in  the  hundred  mull  be  de- 
ducted, to  allow  for  the  iron  which„is  contained  in  the  Pruflian  alkali  itfelf.  But 
as  this  alkali,  and  every  other  preparation  containing  the  Pruflian  acid,  does  not 
eonftantly  afford  the  fame  quantity  of  iron,  the  molt  exa£t  way,  in  the  ufe  of 
fuch  preparations,  confifts  in  previously  diflolving  a known  quantity  of  iron  in 
vitriolic  acid;  and  precipitating  the  whole  by  the  addition  of  the  Pruflian  alkali. 
This  refult  will  afford  a rule  for  the  ufe  of  the  fame  alkali  in  other  folutions. 
For  as  the  weight  of  the  precipitate  obtained  in  the  trial  experiment,  is  to  the 
quantity  of  iron  which  was  diffolved  and  precipitated ; fo  is  the  weight  of  the 
precipitate  obtained  from  any  other  folution,  to  the  quantity  of  iron  fought. 

If  the  iron  be  united  to  any  confiderable  proportion  of  zinc  or  manganefe,  the 
Pruflian  blue  muff;  be  calcined  to  rednefs,  and  treated  with  pale  nitrous  acid, 
which  will  take  up  the  calx  of  zinc.  The  manganefe  may  then  be  diffolved  by 
nitrous  acid,  with  the  addition  of  fugar;  and  the  remaining  iron  being  diffolved 
by  marine  acid,  and  precipitated  by  mild  mineral  alkali,  will  afford  225  grains 
of  precipitate  for  every  100  grains  of  metallic  iron. 

To  examine  the  ores  of  iron  in  the  dry  way,  the  only  requifite  is  fufion,  in 
contaCt  with  charcoal.  For  this  purpofe  eight  parts  of  pulverized  glafs,  one  of 
calcined  borax,  and  half  a part  of  charcoal,  are  to  be  well  mixed  together.  Two 
or  three  parts  of  this  flux,  being  mixed  with  one  of  the  pounded  ore,  and  placed 
in  a crucible,  lined  with  a mixture  of  a little  clay  and  pounded  charcoal,  with  a 
cover  luted  on,  is  to  be  urged  with  the  ftrong  heat  of  a fmith’s  forge  for  half  an* 
hour.  The  weight  of  the  ore,  in  this  experiment,  fhould  not  exceed  60  grains. 
Other  proceffes  for  determining  the  contents,  or  metallic  produCt,  of  iron  ores, 
are  inftituted  by  performing  the  fame  operations  in  the  fmall,  as  are  intended  to> 
be  ufed  in  the  large  way. 

In  the  large  iron  works,  it  is  ufual  to  roaft,  or  calcine  the  ores  of  iron,  pre- 
vious to  their  fufion  ; as  well  for  the  purpofe  of  expelling  fulphureous  or  arleni- 
cal  parts,  as  to  render  them  more  eafily  broken  into  fragments  of  a convenient 
fize  for  melting.  The  mineral  is  melted,  or  run  down,  in  large  furnaces,  frotn 
16  to  30  feet  high  ; and  varioufly  fhaped,  either  conical  or  elliptical,  according 
to  the  opinion  of  the  iron  mafter.  Near  the  bottom  of  the  furnace  is  an  aperture 
for  the  infertion  of  the  pipe  of  large  bellows,  worked  by  water  or  fleam,  or  of 
other  machines  for  producing  a current  of  air ; and  there  are  alfo  holes  at  proper 
parts  of  the  edifice,  to  be  occafionally  opened,  to  permit  the  fcoris  and  the  metal 
to  flow  out,  as  the  procefs  may  require.  Charcoal,  or  coke,  with  lighted  brulh- 
wood,  is  firft  thrown  in ; and  when  the  whole  infide  of  the  furnace  has  acquired 
a ftrong  ignition,  the  ore  is  thrown  in  by  fmall  quantities  at  a time,  with  more 
of  the  fuel,  and  commonly  a portion  of  limeftone,  as  a flux  : the  ore  gradually 
fubfides  into  the  hotteft  part  of  the  furnace,  where  it  becomes  fufed ; the  earthy 
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part  being  converted  into  a kind  of  glafs ; while  the  metallic  part  is  reduced  by 
the  coal,  and  falls  through  the  vitreous  matter  to  the  lowed  place.  The  quantity 
of  fuel,  the  additions,  and  the  heat,  muft  be  regulated,  in  order  to  obtain  iron 
of  any  defired  quality  ; and  this  quality  muft  likewife,  in  the  firft  product, 
be  neceflarily  different,  according  to  the  nature  of  the  parts  which  compofe  the 
ore. 

The  iron  which  is  obtained  from  the  fmelting  furnaces  is  not  pure ; and  may 
be  diftinguifhed  into  three  ftates : white  crude  iron,  which  is  brilliant  in  its  frac- 
ture, and  exhibits  a cryftallized  texture,  more  brittle  than  the  other  kinds,  not 
at  all  malleable,  and  fo  hard  as  perfedly  to  withftand  the  file  : grey  crude  iron, 
which  exhibits  a granulated  and  dull  texture  when  broken  ; this  fubftance  is  noc 
fo  hard  and  brittle  as  the  former,  and  is  ufed  in  the  fabrication  of  artillery  and 
other  articles  which  require  to  be  bored,  turned,  or  repaired  : and  black  caft 
iron,  which  is  ftill  rougher  in  its  fradure  ; its  parts  adhere  together  lefs  perfedly 
than  thofe  of  the  grey  crude  iron  : this  is  ufually  fufed  again  with  the  white 
crude  iron. 

Whenever  crude  iron,  efpecially  the  grey  fort,  is  fufed  again  with  contad  of 
air,  it  emits  fparkles,  lofes  weight,  and  becomes  lefs  brittle.  In  order  to  convert 
it  into  malleable  iron,  it  is  placed  on  a hearth,  in  the  mid  ft  of  charcoal,  urged 
by  the  wind  of  two  pair  of  bellows.  As  foon  as  it  becomes  fufed,  a workman 
continually  ftirs  it  with  a long  iron  inftrument.  During  the  courfe  of  feveral 
hours  it  becomes  gradually  lefs  fufible,  and  aftumes  the  confidence  of  pafte.  In 
this  ftate  it  is  carried  to  a large  hammer,  the  repeated  blows  of  which  drive  out 
all  the  parts  that  ftill  partake  of  the  nature  of  crude  iron  fo  much  as  to  retain  the 
fluid  fiate.  By  repeated  heating  and  hammering,  more  of  the  fufible  iron  is  forced 
out ; and  the  remainder,  being  malleable,  is  formed  into  a bar  or  other  form 
for  faie.  Crude  iron  lofes  upwards  of  one-fourth  of  its  weight  in  the  procefs  of 
refining. 

Purified  or  bar  iron  is  foft,  dudile,  flexible,  malleable,  and  poflcfles  all  the 
qualities  which  have  been  enumerated  under  this  article,  as  belonging  exclufively 
to  iron.  When  a bar  of  iron  is  broken,  its  texture  appears  fibrous;  a property 
which  depends  upon  the  mechanical  action  of  the  hammer,  while  the  metal  is 
cold.  Ignition  deftroys  this  fibrous  texture,  and  renders  the  iron  more  uniform 
throughout;  but  hammering  reftores  it. 

If  the  pureft  malleable  iron  be  bedded  in  pounded  charcoal,  in  a covered  cru- 
cible, and  kept  for  a certain  number  of  hours  in  a ftrong  red  heat  (which  time 
muft  be  longer  or  fhorter,  according  to  the  greater  or  lefs  thicknefs  of  the  bars  of 
iron),  it  is  found  that  by  this  operation,  which  is  called  cementation,  the  iron  has 
gained  a fmall  addition  of  weight,  amounting  to  about  the  hundred  and  fiftieth, 
or  the  two  hundredth  part;  and  is  remarkably  changed  in  its  properties.  It  is 
much  more  brittle  and  fufible  than  before.  Its  furface  is  commonly  bliftered 
when  it  comes  out  of  the  crucible ; and  it  requires  to  be  forged,  to  bring  its 
parts  together  into  a firm  and  continuous  ftate.  This  cemented  iron  is  called 
fteel.  It  may  be  welded  like  bar  iron ; but  its  moft  ufeful  and  advantageous 
property  is  that  of  becoming  extremely  hard  when  ignited  and  plunged  into  cold 
water.  The  hardnefs  produced  is  greater  in  proportion  as  the  fteel  is  hotter, 
and  the  water  colder.  The  colours  which  appear  on  the  furface  of  fteel  flowly 
heated,  are  yellowilh  white,  yellow,  gold  colour,  purple,  violet,  deep  blue, 
yellowifli  white;  after  which  the  ignition  takes  place.  Thefe  figns  dired  the 
artift  in  tempering  or  reducing  the  hardnefs  of  fteel  to  any  determinate  ftandard. 
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If  (feel  be  too  hard,  it  will  not  be  proper  for  tools  which  are  intended  to  have  a 
fine  edge,  becaufe  it  will  be  fo  brittle  that  the  edge  will  foon  become  notched; 
if  it  be  too  foft,  it  is  evident  that  the  edge  will  bend  or  turn.  Some  artifts  ig- 
nite their  tools,  and  plunge  them  into  cold  water;  after  which,  they  brighten  the 
furface  of  the  Heel  upon  a (lone  : the  tool  being  then  laid  upon  charcoal,  or  upon 
the  furface  of  melted  lead,  or  placed  in  the  flame  of  a candle,  gradually  acquires 
the  defired  colour ; at  which  inftant  they  plunge  it  into  water.  If  a hard  temper 
be  defired,  the  piece  is  dipped  again,  and  ftirred  about  in  the  cold  water  as  foon 
as  the  yellow  tinge  appears.  If  the  purple  appear  before  the  dipping,  the  tem- 
per will  be  fit  for  gravers,  and  tools  ufed  in  working  upon  metals ; if  dipped 
while  blue,  it  will  be  proper  for  fprings,  and  for  inftruments  ufed  in  the  cutting 
of  foft  fubftances,  fuch  as  cork,  leather,  and  the  like;  but  if  the  lafb  pale  colour 
be  waited  for,  the  hardnefs  of  the  fteel  will  fcarcely  exceed  that  of  iron.  When 
foft  fteel  is  heated  to  any  one  of  thefe  colours,  and  then  plunged  into  water,  it 
does  not  acquire  nearly  fo  great  a degree  of  hardnefs,  as  if  previoufly  made  quite 
hard,  and  then  reduced  by  tempering.  The  degree  of  ignition  required  to 
harden  fteel  is  different  in  the  different  kinds.  The  beft  kinds  require  only  a low- 
red  heat.  The  harder  the  fteel,  the  more  coarfe  and  granulated  its  frafture  will 
be;  and  as  this  is  not  completely  remedied  by  the  fubfequent  tempering,  it  is 
advifeable  to  employ  the  leaft  heat  capable  of  affording  the  requifite  hardnefs. 
It  is  a circumftance  worthy  of  remark,  that  fteel  has  a lefs  fpecific  gravity  when 
hardened  than  when  foft ; but  there  are  no  circumftances,  upon  which  a probable 
connexion  between  thefe  two  properties,  namely,  the  increafed  hardnefs  and 
the  diminilhed  fpecific  gravity,  can  be  made  out. 

The  ufual  time  required  for  the  cementation  of  fteel,  is  from  fix  to  ten  hours. 
If  the  cementation  be  continued  too  long,  the  fteel  becomes  porous,  brittle,  of  a 
darker  fra&ure,  more  fufible,  and  incapable  of  being  forged  or  welded.  On  the 
contrary,  fteel  cemented  with  earthy  infufible  powders,  is  gradually  reduced  to 
the  ftate  of  forged  iron  again.  Simple  ignition  produces  the  fame  effedt;  but  is 
attended  with  calcination  of  the  furface.  The  texture  of  fteel  is  rendered  more 
uniform  by  fufing  it  before  it  is  made  into  bars : this  is  called  caft  fteel;  and  is 
rather  more  difficultly  wrought  than  common  fteel,  becaufe  it  is  more  fufible, 
and  is  difperfed  under  the  hammer  if  heated  to  a white  heat. 

When  we  confider  the  operations  by  which  crude  iron  is  brought  into  the  mal- 
leable ftafe,  then  converted  into  fteel,  and  afterwards  into  a fufible  metal,  which 
is  not  malleable;  we  may  perceive  that  fteel-making  is  a kind  of  inverfion  of  the 
procefs  of  refining  iron,  as  praftifed  in  the  firft  inftance.  When  the  calx  of  iron 
is  mixed  together  in  th?  fmelting  furnace,  with  combuftible  matter  and  glafs,  it 
will  either  be  completely  or  partially  revived,  according  to  the  management  of 
the  procefs.  Much  of  the  coal  will  however  be  fo  enveloped  with  the  vitreous 
matter  as  to  remain  unburned  : and  the  reduced  iron,  with  which  it  may  be  in 
xtontadt,  will  be  in  the  fame  fituation  as  forged  iron  in  the  cementing  pot;  that 
is  to  fay,  it  will  be  in  contact  with  coal  at  a very  elevated  temperature,  and  de- 
fended from  the  air.  From  the  great  infufibility  of  iron,  it  may  reafonably  be 
concluded  that  the  reduced  metal  does  not  flow  into  the  ^bottom  of  the  furnace,' 
until  the  charcoal  has  converted  it  into  a fufible  matter  fimilar  to  fteel,  by  the 
fame  a&ion  which  takes  place  in  cementation,  whatever  that  aftion  may  be. 
Hence  it  muft  follow,  that  the  various  fpecimens  of  crude  or  caft  iron  will  differ 
in  their  qualities,  as  well  on  account  of  the  degree  of  cementation  they  have  un- 
dergone, as  the  degree  of  redudtion  which  has  taken  place  among  the  metallic 
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parts,  which  are  carried  down,  and  form  the  whole  mafs.  Since  the  coal,  in 
the  procefs  of  cementation,  communicates  or  adds  weight  to  the  iron;  and  fince 
crude  iron,  as  well  as  fteel,  exhibits  fparkles,  and  is  more  eafily  burned  than 
other  iron  ; it  may  therefore  be  concluded  that,  in  the  procefs  of  refining,  that 
part  of  the  inflammable  fubftance  which  had  united  with  the  metal  is  burned,  and 
leaves  the  iron  much  lefs  fufible  than  before.  Stirring  the  mafs  multiplies  the 
contacts  of  the  air  with  the  burned  fubftances ; thele  furfaces  of  contadt  will 
therefore  fucceflively  afford  thin  coats  of  infufible  metal.  In  this  manner  it  is 
found,  that  if  a large  piece  of  crude  iron  be  expofed  to  heat  in  a wind  furnace, 
the  external  part  will  be  deprived  of  its  fufibihty  during  the  time  required  to 
produce  a ftrong  heat  in  the  whole  mats;  and  the  internal  part  will  be  melted, 
and  runout,  leaving  the  fhell  behind.  Iron  which  is  of  the  confidence  of  pafte 
may  therefore  be  confidered,  like  any  other  pafte,  as  a mixture  of  a fluid  with 
a folid.  It  will  be  eafily  underftood  rhat  the  forging  will  bring  the  parts  of  diffi- 
cult fufion  together,  and  extrude  the  lefs  refined  and  fluid  parts  : it  will  alfo  be 
evident  that  this  operation  is  not  likely  to  drive  out  the  whole  of  the  fufible  mat- 
ter. When  the  iron  has  arrived  at  that  ftate  wherein  the  quantity  of  fibre  or 
tough  iron  is  fufficien't  to  anfwer  the  mechanical  purpofes  to  which  it  is  intended 
to  be  applied,  the  artift  will  confider  it  as  fufficiently  refined  ; and  the  rcfidue  of 
fufible  iron  contained  in  the  bar  anfwers,  in  all  probability,  the  valuable  purpofe 
of  connedting  thefe  infufible  maffes  together.  Thus  we  find  that  forged  iron  ap- 
pears as  if  covered  with  a varnifh,  when  urged  to  a white  heat;  we  find  that  this- 
varniih  is  more  abundant  in  fteel;  and  that  iron  and  fteel  may  be  refpedtively 
welded  together  by  application  in  this  ftate;  an  effect  which  it  would  be  very 
difficult  to  account  for,  in  this  moft  infufible  of  metals,  if  it  were  not  for  fuch 
an  admixture.  But  caft  fteel,  fteel  over-cemented,  and  crude  iron,  appear  to 
be  in  the  fiate  of  all  other  metals,  platina  excepted  They  cannot  be  welded, 
becaufe  welding  implies  a partial  fufion  ; or  an  effedt  fimilar  to  the  glueing  or 
uniting  of  f >lids  by  the  application  of  a fluid,  which  afterwards  becomes  confid- 
ent. And  if  it  be  true  that  platina  poffeffes  this  valuable  property,  it  feems 
reafonable  to  infer  that  it  mtift  alfo  confift  of  two  metallic  fubftances  of  different 
degrees  of  fufibility. 

Crude  iron,  and  fteel  of  an  uniform  texture,  confift  therefore  of  a fufible  com- 
bination of  iron  with  the  combuftible  fubftance  of  the  coal,  or  fomething  which 
is  imparted  from  it ; the  crude  iron  differing  from  the  fteel  limply  in  being  over- 
cememed,  and  lefs  pure,  on  account  of  the  admixture  of  metallic  calx,  which 
can  fcarcely,  perhaps,  be  avoided  in  the  large  procels.  It  appears  therefore  that 
crude  iron  muftpafs  through  the  ftate  of  fteel  before  it  can  become  forged  iron; 
and  confequently  that  the  fabrication  of  fteel  from  this  laft  is  a circuitous  procefs, 
which  can  only  be  repaid  by  the  abfence  of  thofe  unreduced  parts  which  may 
exift  in  the  crude  iron.  At  fome  forges,  however,  where  the  ore,  the  flux,  the 
fuel,  a.  d the  management,  are  adapted  to  each  other,  the  produce  affords  fteel, 
when  duly  refined.  At  otter  manufactories,  the  crude  iron  is  either  refined,  or 
converted  into  fteel,  by  running  it  into  thin  plates,  which  areftratified  with  char- 
coal, and  burned  in  a clofe  furnace.  In  this  way  the  metal  is  refined  by  degrees, 
without  undergoing  fufion  ; and  if  the  heat  be  raifed  to  that  of  cementation,  the 
iron  will  not  only  be  reduced,  but  converted  into  fteel.  In  the  forges  of  Carin- 
thia  the  grey  crude  iron  is  alfo  converted  either  into  foft  iron,  or  lteel,  accord- 
ing to  the  management  of  a fomewhat  fimilar  procefs.  The  iron  is  fufed  in  a 
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large  melting-pot;  and  a {mail  quantity  of  water  being  thrown  upon  the  furface 
of  the  metal,  caules  a thin  plate  to  congeal,  which  is  taken  off;  and,  by  con- 
tinuing the  operation,  the  greateft  part  of  the  fufed  iron  becomes  converted  into 
plates.  To  produce  fteel,  thefe  plates  are  again  fufed,  and  kept  a long  time  in 
an  elevated  heat;  at  the  fame  time  that  the  metal  is  defended  from  th^  contact  of 
the  air  by  a fufficient  quantity  of  the  vitreous  flag.  To  produce  foft  iron,  the 
plates  are  expofed  to  a continued  roafting,  while  the  air  is  conftantly  renewed  by 
means  of  two  pair  of  bellows.  The  extenfive  furface  of  the  plates  renders  it  un- 
neceflary  to  ufe  that  agitation,  or  ftirring,  which  is  required  when  fufed  crude 
iron  is  refined.  In  thefe  procefles  it  is  evident  that  the  fame  matter  in  theciude 
iron,  w ich  it  obtained  in  the  fmelting  furnace,  is  employed,  and  fupplies  the 
place  of  the  charcoal  ufed  in  forming  fteel  by  cementation ; and,  on  the  other  hand, 
that  this  lubftance,  which  prevented  the  crude  iron  from  being  foft,  tough,  and 
infufible,  is  burned  away,  together  with  a portion  of  the  iron  itfelf,  while  the 
remainder  is  left  in  a much  purer  ftate. 

Thefe  are  the  fafb  obferved  at  the  furnaces.  But  the  obfervations  and  in- 
quiries of  the  chemift  muft  be  carried  further,  in  order  to  determine  what  it  is 
that  iron  gains  or  lofes  at  the  time  of  its  converfion  into  its  various  dates.  It  is 
found  that  crude  iron  approaches  towards  the  foft  ftate,  not  only  by  heating  with 
expofure  to  the  air,  which  burns  the  combuftible  addition,  butlikewife  by  fufion, 
without  the  free  accefs  of  air.  In  this  cafe,  when  the  fufion  has  been  complete, 
and  the  cooling  gradual,  it  is  found  that  a black  fubftance  is  thrown  up  to  its 
furface,  i\  hich  is  more  abundant  the  greyer  or  blacker  the  iron  ; and  the  fame 
black  fubftance  is  obferved  to  coat  the  ladles  of  forged  iron,  which  are  ufed  to 
take  out  the  metal,  and  pour  it  into  moulds  for  calling  (hot,  and  other  articles. 
It  appears  therefore  that  the  heated  iron,  like  other  heated  fluids,  is  capable  of 
holding  a larger  quantity  of  matter  in  folution  than  when  cold  ; and  that  a portion 
of  this  black  fubftance  feparates  during  the  cooling,  whether  by  the  gradual  effedt 
of  furrounding  bodies,  or  by  the  contadl  of  the  ladle,  in  the  fame  manner  as 
various  falls  are  feparated,  in  part,  from  water,  by  a diminution  of  temperature. 
From  chemical  analyfis,  as  well  as  from  its  obvious  characters,  this  black  fub- 
ftance is  found  to  be  plumbago,  or  the  material  ufed  to  make  pencils,  and  com- 
mon'y  known  by  the  name  of  black  lead. 

The  prefence  of  this  black  matter  is  likewife  exhibited  by  diflolving  fteel,  or 
crude  iron,  in  acids,  in  which  plumbago  is  infoluble,  and  therefore  remains  be- 
hind in  the  form  of  a powder.  Hence  likevvile  is  deduced  the  caufe  of  the  black 
fpot  which  remains  upon  fteel,  or  crude  iron,  after  its  furface  has  been  corroded 
by  acids;  f t this  fpot  confifts  of  the  plumbago  which  remains  after  the  iron  has 
difappeared  by  folution. 

Solution  in  the  vitriolic  or  marine  acids,  nor  only  exhibits  the  plumbago  con- 
tained in  iron,  but  likewife  poflefles  the  advantage  of  (hewing  the  ftate  of  its  re- 
sdudlion  by  tae  quantity  of  inflammable  air  which  is  difengaged  : for  whether  this 
aeiial  fluid  be  fupplied  by  the  phlogifton  of  the  iron,  or  from  the  decompofed 
water,  it  is  agreed  on  all  hands  that  its  quantity,  in  like  circumftances,  is  pro- 
portional to  that  of  the  iron  which  is  converted  into  calx.  There  are  confiderable 
differences  between  the  various  products  of  the  fmelting  furnace  in  thefe  refpedls; 
but  it  is  found  that  the  white  crude  iron  affords  the  leaft  quantity  of  inflamma- 
ble air  in  proportion  to  its  bulk,  and  leaves  a moderate  portion  of  plumbago; 
the  grey  crude  iron  affords  more  inflammable  air,  and  more  plumbago,  than  the 
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white;  and  the  fofteft  bar  iron  affords  mod  inflammable  air  of  any,  and  little  or 
no  plumbago.  The  quantities  of  inflammable  air*,  at  a medium,  by  ounce 
meafures,  were  62,  afforded  by  100  grains  of  the  white  crude  iron;  71  by  the 
grey  crude  iron  ; and  77  by  the  malleable  iron. 

Hence  it  may  be  inferred  that,  in  the  white  crude  iron,  the  proceffes  of  re- 
duction and  cementation  are  both  carried  to  a lefs  extent  than  in  the  grey  crude 
iron,  which  is  produced  by  means  of  a ftronger  heat,  excited  with  a larger  quan- 
tity of  fuel ; and  that  the  reduction  of  grey  crude  iron  is  (till  lefs  perfect  than  that 
of  the  foft  bar  iron;  though  this  laft,  by  the  refining  in  an  Open  veffel,  is  fo  far 
from  being  more  cemented,  that  it  fcarcely  contains  any  plumbago  at  all. 

It  muff;  be  admitted;  however,  that  the  folution  in  acids  ferves  only  tofupport 
thefe  general  concluftons,  in  conjunction  with  the  faCts  obferved  in  the  dry  pro- 
cefles ; but  cannot  accurately  fhew  either  the  quantities  of  inflammable  air  or 
plumbago  afforded  by  the  feveral  kinds  of  iron.  For  the  plumbago,  as  it  be- 
comes difengaged,  floats  on  the  top  of  the  vitriolic  acid ; where  it  gradually  dif- 
appears,  though  infoluble  in  that  acid.  It  muft  therefore  be  taken  up  by  the 
inflammable  air,  and  it  is  found  that  the  volume  of  this  air  is  diminifhed  by  the 
abforption.  Hence  there  is  a double  fource  of  inaccuracy  from  the  lofs  of  plum- 
bago, and  the  contraction  of  the  inflammable  air. 

On  the  whole  then,  fince  iron  contains  plumbago  in  a ftate  of  combination,  of 
which  it  may  be  deprived  by  heat,  with  accefs  of  vital  air,  which  converts  it  into 
the  acid  called  fixed  air,  as  Scheele’s  experiments  fhew  ( fee  Plumbago);  and 
fince  it  recovers  .the  plumbago  by  cementation  with  charcoal,  there  can  be  no 
queftion,  but  that  this  fubftance  is  originally  afforded  by  the  fuel.  It  appears 
alfo  that  the  reduction  of  the  metallic  calx  takes  place  firft  at  a lower  tempera- 
ture ; and  that  the  combination  of  the  bafe  of  fixed  air  follows  at  a greater  heat. 
Whence,  in  the  refining  of  iron,  the  plumbago  is  firft  burned,  and  the  iron  re- 
mains reduced ; and  in  the  cementation  of  bar  iron,  the  metal  is  converted  into 
fteel,  with  blifters  on  its  furface;  which  moft  probably  arife  from  fixed  air 
formed  by  the  vital  air  of  fome  portions  of  unreduced  calx,  uniting  with  the 
acidifiable  bafe  from  the  charcoal.  ' And,  laftly,  as  iron  holds  this  acidifiable 
bafe,  or  phlogifticated  acid,  in  folution,  fo  likewife  it  may  not  be  feparable  from 
this  metallic  folvent,  without  carrying  a portion  with  it ; in  the  fame  manner  as 
falts,  which  cryftallize  in  water,  always^toke  up  part  of  the  folvent  in  the  forma- 
tion of  their  cryftals. 

It  would  require  many  volumes  to  enumerate  the  leading  ufes  of  iron.  This 
moft  valuable  of  metals  is  applied  to  fo  many,  and  fuch  important  ufes,  that  we 
cannot  look  round  us  without  feeing  its  effects.  When  we  contemplate  the  in- 
numerable effe&s  of  human  induftry,  and  afk  ourfelves  the  fimple  queftion, 
could  this  have  been  done  without  iron  ? there  is  not  a fingle  inftance  which  will 
not  immediately  fliew  its  value.  It  is  indeed  difficult  to  form  an  idea,  how  civi- 
lized fociety  could  exift  without  it. 

ISINGLASS.  This  fubftance,  though  well  known  in  the  arts,  has  been 
greatly  miltaken,  not  only  with  regard  to  the  manner  of  its  fabrication  -J-,  but  as 
to  the  effects  it  produces.  As  Mr.  Jackfon  has  given  a good  account  of  ifinglafs, 
from  his  own  observations  and  experiments,  in  the  Philofophical  Tranfadtions  for 
1772,  I fhall  here  chiefly  follow  his  authority. 

* Acad.  Par.  ,1786,  pages  166,  167.  The  numbers  in  the  text  are  given  as  a rough  meafure  ; for, 
in  fa&,  there  can  be  no  medium. 

:j-  It  is  faid  to  be  made  in  theTame  manner  as  glue,  by  Pomet,  Neumann,  Lewis,  and  Chaptal. 
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The  principal  confumption  of  ifinglafs  is  in  fining  liquors  of  the  fermented 
kind.  I-t  appears  to  do  this  merely  by  the  mechanical  effect  of  its  organization, 
which  forms  a kind  of  drainer,  or  fine  net  work,  and  carries  the  grofs  impurities 
before  it,  as  it  fubfides.  Glue  is  unfit  for  this  purpofe,  becaufe  it  wants  the 
peculiar  drudure.  Ifinglafs  itfelf,  if  converted  into  glue  by  boiling,  though 
excellent  for  the  purpofes  of  cementing  wood  and  other  articles,  is  no  longer 
ufeful  for  fining  liquors. 

Ifinglafs  is  made  from  certain  fifh  found  in  the  Danube,  and  the  rivers  of 
Mufcovy.  Willoughby  and  others  inform  us,  that  it  is  made  of  the  found  of 
the  Beluga;  and  Neumann,  that  it  is  made  of  the  Hufo  Germanorum,  and  other 
filh,  which  he  has  frequently  feen  fold  in  the  public  markets  of  Vienna.  Mr. 
Jackfon  remarks  that  the  founds  of  cod,  properly  prepared,  afford  this  fubdance, 
and  that  the  lakes  of  America  abound  with  filh  from  which  the  very  fined  fort 
may  be  obtained. 

The  founds,  or  air  bladders  of  frefh  water  fifh,  in  general,  are  preferred  for 
this  purpofe,  as  being  the  mod  tranfparent,  flexible,  delicate  fubdances  1 hefe 
eonditute  the  fined  lbrts  of  ifinglafs ; thofe  called  book  and  ordinary  daple,  are 
made  of  the  intedines,  and  probably  the  peritonaeum  of  the  fifh.  The  Beluga, 
yields  the  greated  quantity,  as  being  the  larged  %nd  mod  plentiful  fifh  in  the 
Mufcovy  rivers;  but  the  founds  of  all  frefh-water  fifh  yield,  more  or  lefs,  fine 
ifinglafs,  particularly  the  fmaller  forts,  found  in  prodigious  quantities  in  the  Caf- 
pian  fea,  and  feveral  hundred  miles  beyond  Adracan,  in  the  Wolga,  Yack,  Don,, 
and  even  as  far  as  Siberia,  where  it  is  called  kle  or  kla  by  the  natives,  which  im- 
plies a glutinous  matter;  it  is  the  bafis  of  the  Ruffian  glue,  which  is  preferred  to 
all  other  kinds  for  its  drength. 

The  founds,  which  yield  the  finer  ifinglafs,  confid  of  parallel  fibres,  and  are 
eafily  rent  longitudinally;  but  the  ordinary  forts  are  found  compofed  of  double- 
membranes,  whofe  fibres  crofs  each  other  obliquely,  refembling  the  coats  of  a 
bladder:  hence  the  former  are  more  readily  pervaded  and  divided  with  fubacid. 
liquors;  but  the  latter,  through  a peculiar  kind  of  interwoven  texture,  are  with 
great  difficulty  torn  afunder,  and  long  refid  the  power  of  the  fame  mendruum  % 
yet,  when  duly  refolved,  are  found  toadt  with  equal  energy  in  clarifying  liquors. 

Ifinglafs  receives  its  different  fhapes  in  the  following  manner  : 

The  parts  of  which  it  is  compofed,  particularly  the  founds,  are  taken  from  the 
fifh  while  fweet  and  frefh,  flit  open,  warned  from  their  flimy Jordes>  diveded  of 
every  thin  membrane  which  invelops  the  found,  and  then  expofed  to  diffena. 
little  in  the  air.  In  this  date,  they  are  formed  into  rolls  about  the  thicknefs  of  a 
finger,  and  in  length  according  to  the  intended  fize  of  the  daple  : a thin  mem- 
brane is  generally  feledted  for  the  centre  of  the  roll,  round  which  the  red  are 
folded  alternately,  and  about  half  an  inch  of  each  extremity  of  the  roll  is  turned 
inwards.  The  due  dimenfions  being  thus  obtained,  the  two  ends  of  what  is 
called  fhort  daple  are  pinned  together  with  a final  1 wooden  peg;  the  middle  of 
the  roll  is  then  preffed  a little  downwards,  which  gives  it  the  refemblance  of  a, 
heart,  and  thus  it  is  laid  on  boards,  or  hung  up  in  the  air  to  dry.  The  founds 
which  compofe  the  long  daple,  are  larger  than  the  former  ; but  the  operator 
lengthens  this  fort  at  pleafure,  by  interfolding  the  ends  of  one  or  more  pieces  of  . 
the  found  with  each  other.  The  extremities  are  fadened  with  a peg,  like  the 
former;  but  the  middle  part  of  the  roll  is  bent  more  confiderably  downwards; 
and  in  order  to  preferve  the  fliape  of  the  three  obtufe  angles  thus  formed,  a piece 
of  round  dick,  about  a quarter  of  an  inch  diameter,  is  fadened  in  each  angle 
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with  fmall  wooden  pegs,  in  the  fame  manner  as  the  ends.  In  this  ftate  it  is  per- 
mitted to  dry  long  enough  to  retain  its  form,  when  the  pegs  and  hicks  are  taken 
out,  and  the  drying  completed  : laftly,  the  pieces  of  ifinglafs  are  colligated  in, 
rows,  by  running  packthread  through  the  peg  holes,  for  convenience  of  package 
and  exportation. 

The  membranes  of  the  book  fort,  being  thick  and  refractory,  will  not  admit 
a fimilar  formation  with  the  preceding  : the  pieces  therefore,  after  their  fides  are 
folded  inwardly,  are  bent  in  the  centre,  in  fuch  manner  that  the  oppofite  fides 
refemble  the  cover  of  a book,  from  whence  its  name  ; a peg  being  run  acrofs  the 
middle,  fattens  the  fides  together,  and  thus  it  is  dried  like  the  former.  This 
fort  is  interleaved,  and  the  pegs  run  acrofs  the  ends,  the  better  to  prevent  its  un- 
folding. 

That  called  cake  ifinglafs  is  formed  of  the  bits  and  fragments  of  the  ttaple 
forts,  put  into  a flat  metalline  pan,  with  a very  little  water,  and  heated  juft 
enough  to  make  the  parts  cohere  like  a pancake,  when  it  is  dried;  but  fre- 
quently it  is  overheated,  and  fuch  pieces,  as  before  obferved,  are  ufelefs  in  the 
bufinefs  of  fining.  Experience  has  taught  the  confumers  to  reject  them. 

Ifinglafs  is  beft  made  in  the  fummer,  as  froft  gives  it  a difagreeable  colour, 
deprives  it  of  weight,  and  impairs  its  gelatinous  principles;  its  fafhionable  forms 
are  unneceffary,  and  frequently  injurious  to  its  native  qualities.  It  is  common 
to  find  oily  putrid  matter  and  exuviae  of  infedts  between  the  implicated  mem- 
branes, which  through  the  inattention  of  the  cellar-man  often  contaminate  wines 
and  malt  liquors  in  the  aft  of  clarification.  Thefe  peculiar  fhapes  might,  pro- 
bably, be  introduced  originally  with  a view  to  conceal  and  difguife  the  real  fub- 
ftance  of  ifinglafs,  and  preferve  the  monopoly. 

The  founds  of  cod  and  ling  bear  great  analogy  with  thofe  of  the  accipenfer  gems 
of  Linnteus  and  Artedi,  and  are  in  general  fo  well  known,  as  to  require  no  par- 
ticular defcription.  The  Newfoundland  and  Iceland  fifhermen  fplit  the  fifh,  as 
foon  as  taken,  and  throw  the  back  bones,  with  the  founds  annexed,  in  a heap ; 
but  previous  to  incipient  putrefaftion,  the  founds  are  cutout,  wafhed  from  their 
flimes,  and  falted  for  ufe.  In  cutting  out  the  founds,  the  intercoftal  parts  are  left 
behind,  which  are  much  the  beft  : the  Iceland  fifhermen  are  fo  fenfible  of  this, 
that  they  beat  the  bone  upon  a block  with  a thick  ftick,  till  the  pockets,  as  they 
term  them,  come  out  eafily,  and  thus  preferve  the  found  entire.  If  the  founds 
have  been  cured  with  fait,  that  muft  be  diffolved  by  fteeping  them  in  water, 
before  they  are  prepared  for  ifinglafs ; the  frefh  found  muft  then  be  laid  upon  a 
block  of  wood,  whofe  furface  is  a little  elliptical,  to  the  end  of  which  a fmall 
hair  brufh  is  nailed,  and  with  a faw  knife  the  membranes  on  each  fide  of  the 
found  muft  be  fcraped  off.  The  knife  is  rubbed  upon  the  brufh  occafionally,  to 
clear  its  teeth  ; the  pockets  are  cut  open  with  fciffars,  and  perfectly  cleanfed  of 
the  mucous  matter  with  a coarte  cloth  : the  founds  are  afterwards  wafhed  a few 
minutes  in  lime  water,  in  order  to  abforb  their  oily  principle,  and  laftly  in  clear 
water.  They  are-then  laid  upon  nets  to  dry  in  the  air ; but  if  intended  to  re- 
femble foreign  ifinglafs,  the  founds  of  cod  will  only  admit  of  that  called  book, 
but  thofe  of  ling  both  fhapes.  The  thicker  the  founds  are,  the  better  the 
ifinglafs,  colour  excepted  ; but  that  is  of  no  confequence  to  the  brewer,  who  is 
chief  confumer. 

This  ifinglafs  refolves  into  fining,  like  the  other  forts,  in  fub-acid  liquors,  as 
ftale  beer,  cyder,  old  hock,  &c.  and  in  equal  quantities  produces  fimilar  effects 
upon  turbid  liquors,  except  that  it  falls  fpeedier  and  clofer  to  the  bottom  of  the 

3 H 2 vetted, 


I V o 


( 420  ) 


I V o 


veffel,  as  may  be  demondrateci  in  tall  cylindrical  glafles ; but  foreign  ifinglafs 
retains  the  confidency  of  fining  preferably  in  warm  weather,  owing  to  the  great 
tenacity  of  its  native  mucilage. 

Vegetable  acids  appear  to  be  in  every  refpeCt  bed  adapted  to  fining.  It  has 
long  been  a prevalent  opinion,  that  (lurgeon,  on  account  of  its  cartilaginous 
nature,  would  yield  great  quantities  of  ifinglafs;  but,  on  examination,  no  part 
of  this  fifh,  except  the  inner  coat  of  the  found,  promifed  the  lead  fuccefs.  This 
being  full  of  rugae,  adheres  fo  firmly  to  the  external  membrane,  which  is  ufelefs, 
that  the  labour  of  feparating  them  fuperfedes  the  advantage.  The  inteflines, 
however,  which  in  the  larger  fi(h  extend  feveral  yards  in  length,  being  cleanfed 
from  their  mucus,  and  dried,  were  found  furprifingly  flrong  and  elaftic,  refern- 
bling  cords  made  with  the  inteflines  of  other  animals,  commonly  called  cat- 
gut, and,  from  fome  trials,  promifed  fuperior  advantages,  when  applied  to  me- 
chanic operations. 

IVORY.,  The  tufk  or  tooth  of  defence  of  the  male  elephant.  It  is  an  inter- 
mediate fubftance,  between  bone  and  horn,  not  capable  of  being  foftened  by 
fire,  nor  altogether  fo  hard  and  brittle  as  bone.  Sometimes  it  grows  to  an  enor- 
mous fize,  fo  as  to  weigh  near  two  hundred  pounds. 

The  entire  tooth  is  of  a yellowifh,  brownifh,  and  fometimes  a dark  brown 
colour  on  the  outfide,  internally  white,  hollow  towards  the  root,  and  fo  far  as 
was  inferted  into  the  jaw  of  a blackifh  brown  colour.  The  fineft,  whiteft, 
fmootheft,  and  moft  compact  ivory  comes  from  the  iflandof  Ceylon.  The  grand 
confumption  of  this  commodity  is  for  making  ornamental  utenfils,  mathematical 
inflruments,  cafes,  boxes,  balls,  combs,  dice,  and  an  infinity  of  toys.  There 
are  many  exquifite  pieces  of  workmanfhip,  as  medals  and  chains,  curious  fpin- 
ning-wheels,  &c.  made  entirely  out  of  one  tooth.  In  his  Pruffian  majefty’s  col- 
lection, there  is  a chair,  a pair  of  chefs  tables,  and  fundry  other  curiofities  of 
ivory.  The  workmen  have  methods  alfo  of  tingeing  it  of  a vatiety  of  colours. 

From  four  drams  of  rafped  ivory  treated  with  rectified  fpi'rit,  Neumann  ob- 
tained three  grains  of  extraCt,  in  tafte  fomewhat  rancid,  but  of  no  fmell : the 
remainder  inclined  a little  to  reddilh.  On  boiling  four  drams  in  pure  diddled 
water,  and  infpiffating  the  decoCtion,  he  obtained  fix  drams  of  jelly,  or  a gelati- 
nous extraCt;  but  as  the  dried  refiduum  weighed  three  drams  and  a fcruple,  it 
is  plain  that  in  the  fix  drams  of  jelly  there  were  only  two  fcruples  afforded  by 
the  ivory,  all  the  red  being  water  ; and  hence  we  learn  what  a large  proportion 
of  water  is  retained  in  jellies.  The  jelly  taded  manifedly  faline;  the  remaining 
ivory  proved  confiderably  brittle  and  earthy. 

Diluted  vitriolic  acid  totally  dilfolves  ivory,  and  affords  a precipitate  of  felenite, 
Phofphoric  acid  is  difengaged.  The  nitrous  and  marine  acids  likewife  decom- 
pofe  ivory.  Pure  alkalis  combine  with  its  oily  parr,  and  dedroy  its  texture. 
The  products  of  deftruCtive  didillation  are  nearly  the  fame  as  obtained  from  other 
animal  fubdances,  viz.  water  impregnated  with  volatile  alkali,  fome  concrete 
alkali,  oil,  and  a refidual  coal,  which  by  incineration  becomes  white,  and  con- 
fids  of  phofphorated  lime.  The  coal  of  ivory  is  ufed  in  the  arts  under  the  deno- 
mination of  ivory  black.  Particular  veffels  are  ufed  in  the  manufactory  of  this 
pigment,  for  the  purpofe  of  rendering  it  perfectly  black. 

Some 'travellers  fpeak  of  the  tooth  of  the  fea-horfe  as  an  excellent  ivory;  but 
it  is  too  hard  to  be  fawed  or  wrought  like  ivory.  It  is  ufed  for  making  artificial 
teeth. 
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JACINTA  LA  BELLA.  Thejacinta  labellaofthe  Italians  is  a garnet  of  a 
yellowifh  hue  : but  when  it  is  more  of  a reddifh  colour,  it  is  then  called  ver- 
meille  by  the  French. 

JACK,  BLACK.  The  miners’  term  for  blende,  or  mock  lead.  See  Blende. 
JADE.  Lapis  nephriticus , jafpachates. 

The  true  lapis  nephriticus  feems  to  belong  to  the  filiceous  order  ; as  it  gives 
fire  with  fteel,  and  is  femi-pellucid  like  flint ; it  does  not  harden  in  fire,  but 
melts  by  the  folar  heat  in  the  focus  of  a burning  lens,  into  a tranfparent  green 
glafs  with  fome  bubbles.  That  called  by  the  name  of  circumcifum  Jione, 'which 
comes  from  the  Amazon  river,  melts  eafier,  in  the  fame  folar  fire,  into  a brown 
opaque  glafs,  which  is  far  lefs  hard  than  the  done  itfelf. 

This  (tone  is  fuperior  in  hardnefs  to  quartz,  though,  from  its  untffuofity  to  the 
touch,  one  would  fufpeif  it  to  contain  a large  portion  of  argillaceous  earth,  or 
rather  of  magnefian  earth,  as  Mr.  Kirwan  feems  to  fufpeift. 

Its  fpecific  gravity  is  from  2.970  to  3. 389.  It  is  of  a granular  texture,  of  a 
greafy  look,  and  exceedingly  hard;  is  fcarcely  foluble  in  acids,  at  leaff.  without 
particular  management,  and  is  infufible  in  the  fire.-  M.  Sauffure  feems  to  have 
extradited  iron  from  it. 

It  is  fometimes  of  a whitifh  milky  colour,  from  China;  but  mofily  of  a green- 
ifh,  or  dee’p  green  colour,  from  America,  or  of  a grey,  yellowifh  and  olive 
colour.  The  jade  is  vulgarly  denominated  lapis  nephriticus,  from  being  fup- 
pofed  to  cure  nephritic  pains  by  external  application  to  the  loins. 

The  fefni-tranfparency,  hardnefs,  and  fpecific  gravity  are  the  characters  by 
which  the  lapis  nephriticus  may  be  diftinguilhed  from  other  {tones.. 

JALAP  is  the  root  of  a fpecies  of  convolvulus,  with  leaves  like  thofe  of  ivy, 
but  not  fo  thick,  and  beautiful  red  flowers,  which  have  this  remarkable  pro- 
perty, that  they  open  in  the  night,  and  fhut  again  on  the  lead;  appearance  of  the 
fun;  whence  the  plant  is  called  by  the  French  Belie  demit  t the  beauty  or  fair 
one  of  the  night : in  rainy  or  cloudy  days  the  flowers  open  a little,  but  fall  off 
the  fooner,  as  if  day-light  was  injurious  to  them.  The  jalap  plant  is  a native  of 
the  province  Chalapa  or  Xalapa,  in  New  Spain,  from  whence  its  name  is  de- 
rived, and  written,  according  to  the  pronunciation  of  different  languages,, 
Jalapa  or  Jalapium,  Gialappa , Chalapa,  Xalapa , Zalapa , &c.  The  roots  raifed 
in  Europe  have  been  found  much  weaker  than  the  American. 

Jalap  is  brought  over  in  thin  dices;  of  which  the  beft  are  compact  and  hard, 
fo  as  not  to  be  broken  by  the  fingers;  ponderous,  of  a.  dark  brown  colour,  of  a 
gloffy  reflnous  appearance,  or  at  lead  furnilhed  with  refinous  {freaks  and  circles; 
eafily  inflammable,  of  no  fmell,  or  a faint  unpleafant  one,  and  of  a flight  acrid 
tafte:  the  fine  duff  which  flies  off  in  powdering  them,  provokes  fneezing.  Thofe 
which  are  thoroughly  refinous,  are  not  liable  to  be  worm-eaten,  the  worms 
preying  chiefly  upon  the  gummy  or  mucilaginous  parts,  and  not  touching  the. 
refin,  or  at  leaft  not  till  thefe  are  confumed  : hence  we  may  fuppofe  the  worm- 
eaten  roots  to  have  been  originally  of  a bad  kind-,  produced  in  moiff  foils  or 
rainy  feafons,&c.  and  hence  the  worm-eaten  may  beemployed  for  making  extracts- 
equally  with  any  other,  the  refin  being  equal  in  goodnefs, though  lefs  in  quantity,. 
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Prom  fixteen  ounces  of  good  jalap-root,  Neumann  obtained,  by  fpirit  of  wine, 
five  ounces  and  four  fcruples  of  relinous  extrad,  and  afterwards  by  water,  two 
ounces  and  a half  of  a gummy  one  : on  applying  water  at  firft,  he  gained  four 
ounces  and  a half  of  gummy  extrad,  together  with  fix  drams  of  a refinous 
matter,  which  fell  to  the  bottom  in  evaporating  the  decodion ; the  remainder 
yielded,  with  fpirit,  three  ounces  of  refin:  the  indifioluble  part  amounted  in 
the  firft  cafe  to  eight  ounces  three  drams,  in  the  latter  to  feven  ounces  fix  drams.* 
By  precipitating  a fpirituous  tindure  of  the  root  with  water,  he  gained,  from  a 
.pound,  four  ounces  of  pure  refin. 

The  inferior  forts  of  jalap  yield  lefs  refinous  and  more  gummy  extrad;  fuch 
-mu  ft  have  been  that  employed  by  Boulduc,  who  obtained,  from  fixteen  ounces, 
only  two  ounces  five  drams  and  a fcruple  of  refinous  extrad  ; but  upwards 
of  eight  ounces  and  a half  of  a gummy  one. 

It  has  been  remarked,  that  jalap  pofiefles  a notable  degree  of  fermentative 
power;  exciting  this  adion  in  .grofs,  fweet,  vegetable  juices,  fuch  as  melafles, 
and  at  the  fame  time  impregnating  them  with  its  purgative  quality.  I am  in- 
formed however,  that  this  is  by  no  means  the  cafe,  but  that  it  is  ufed  to  check 
the  rapid  progrefs  of  fermentation  in  the  manufadure  of  melafles’  fpirits,  for 
which  purpofe  it  is  ftrewed  over  the  furface  of  the  liquor.  It  is  a late  difcovery, 
that  common  refin  will  do  as  well.  This  effed  requires  explanation.  Perhaps 
the  refin  may  comibine  with  part  of  the  ardent  fpirit,  at  the  inftant  of  its  extri- 
cation. If  this  be  true,  it  feems  likely  that  fo  much  of  the  fpirit  may  be  pre- 
vented from  rifing  in  diftillation,  and  more  lofs  may  be  fuftained  by  this  pradice 
than  might  have  followed  from  the  adivity  of  the  fermentation. 

JAPAN  EARTH.  Catechu,  fo  called  from  its  having  been  long  fuppofed 
by  the  Europeans  to  be  an  earthy  fubftance  found  in  Japan,  is  neither  one  nor 
the  other.  It  belongs  to  the  daft  of  gummy-refins*,  being  fuch  a combination  of 
gummy  and  refinous  matter,  as  the  extrads  made  from  vegetables  by  water.  In  ef- 
fed, it  is  no  other  than  a preparation  of  this  kind,  obtained  by  infpiflating  a watery 
decodion,  or  the  exprefled  juice  of  the  fruit  of  a certain  palm-tree,  growing 
plentifully  on  the  fea-coafts  in  Coromandel,  Cambia,  Racaim,  Manora,  Daman, 
and  feveral  other  parts  of  the  Eaft  Indies.  The  fruit,  held  there  as  a delicacy,  is 
called  faufe,  its  kernel  c.reca , and  the  leaves  of  the  tree  betel  j hence  the  names  of 
the  plant,  Palma  faufelifela,  arecifera , &c. 

The  beft  Japan  earth  is  that  prepared  by  expreflion,  but  the  greater  part  of  what 
is  brought  to  us  is  a true  watery  extrad.  There  are  confiderable  differences  in 
the  produd,  according  to  the  manner  in  which  the  procefs  has  been  managed, 
and  the  degree  of  maturity  or  perfedion  of  the  fruit  itfelf ; that  lime-water, 
gum-arabic,  liquorice,  vitriol,  or  other  like  fubftances  are  added,  is  a groundlefs 
conjedur?.  Some  forts  are  of  a pale  reddilh-brown  colour,  others  of  a dark 
blackilh  brown,  or  quite  black  like  bitumen  ; fome  are  ponderous,  and  others 
light;  fome  compad,  and  others  porous;  fome  more  and  others  lefs  aftringent. 
The  beft  fort  is  of  a dark  reddilh-brown,  dry,  heavy,  hard,  compad  and 
glofiy  ; chewed,  it  difcovers  at  firft  a bitterith  ftyptic  tafte,  which  is  followed  by 
an  agreeable  fweetnefs. 

Japan  earth,  when  pure,  is  almoft  totally  diflolved  ; its  aftringency  at  leaft  is 
totally  extraded  both  by  water  and  fpirit.  Four  ounces  of  the  beft  Neumann 
could  procure,  yielded. with  water  three  ounces  and  fix  drams  ot  iolid  extrad; 
after  which,  redified  fpirit  took  up  no.  more  than  twelve  grains;  the  indifioluble 
part  contifted  chiefly  of  land,  woody  and  other  foreign  matters.  Four  ounces 
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of  the  fame  Japan  earth,  treated  firft  with  rectified  fpirit,  gave  juft  three  ounces 
of  refinous  extract;,  the  refiduum  ftill  yielded  with  water  five  drams  two 
fcruples  and  eight  drams  of  a gummy,  one..  Another  parcel  yielded,  on  the 
fame  quantity,  two  drams  more  of  fpirituous  than  of  watery  extrait ; but  all  the 
forts  agree  in  the  material  points,  namely,  i.  That  the  fpirituous  tinttme  is  of 
a redder  colour,,  brighter,  clearer,  and  more  fluid  than  the  watery;  the  latter  ap- 
pearing brownifh,  quite  thick,  and  at  laft  cutdly.  2.  That  the  fpirituous  extrait 
infpiflated,  proves  ftronger,  more  aftringent,  and  more  difagreeable  than  the 
watery ; the  latter  pofieffing  the  agreeable  fweetnefs  of  the  Japan  earth  itfelf, 
improved  rather  than  injured.  3,  That  the  extraits  made  by  water  after  fpirit, 
and  by  fpirit  after  water,  have  no  remarkable  tafte. 

Hence,  when  a ftrong  aftringent  is  required,  whether  for  external  or  internal 
purpofes,,  we  are  direited  to  the  fpirituous  tinilure  and  extract ; and  for  a milder 
and  more  grateful  corroborant,  to  the  warery  extrait.  A little  of  this  laft  taken 
into  the  mout..  at  bed-time,  and  fuffered  flowly  to  diflolve,  is  faid  to  be  remark- 
ably. ferviceable  in  diforders  of  the  throat. 

JARGON.  A hard  gem  brought  from  the  Eaft  Indies  in  the  form  of  thin 
plates,  which  appear  to  be  fpiit  from  pebbles.  They  are  of  different  colours, 
white,  black,  yellow,  and  brown,  about  as  hard  as  the  fapphire.  As  they  have  a 
great  refemblance  to  the  diamond,  they  are  fnbftituted  inftead  of  it  in  jeweller’s 
work,  l'ometimes  fraudulently.  It  is  probable  that  the  great  fpecific  gravity  of 
this  ftone,  which  in  fome  fpecimens  exceeds  that  of  the  ponderous  fpar,  may 
be  attended  with  an  extraordinary  degree  of  refraitive  power,  on  which  the 
brilliancy  of  precious  ftones  depends.  See  Diamond. 

Romare  fays,  that  the  jargon  is  found  in  Brafil,  but  Rome  de  l’lfle  informs  us 
that  it  comes  from  Ceylon,  and  that  its  form  confifts  of  two  tetrahedal  pyramids, 
of  equal  fides,  feparated  by  a Ihort  prifm.  M.  D’Arcet  expofed  it  to  a violent 
heat  in  a porcelain  teft._  Its  furface  was  a little  vitrified,  and  it  ftuck  to  the 
veflel ; whence  it  appears  that  the  jargon  has  not  the  leaft  affinity  to  the  diamond, 
which  is  deftrudtible  by  fire. 

M.  Klaproth  analyfed  the  jargon  of  Ceylon,  and  found  that  more  than  two 
thirds  of  its  weight  confifted  of  an  earth  foluble  in  acids,  but  different  in  its 
properties  from  any  other  of  the  earths.  See  Earth  of  the  Jargon. 

JASP  ACHATES.  See  Jade. 

JASPER.  Jtifpis.  ( The  Diafpro  of  the  Italians.) 

All  opaque  flints  are  called  by  this  name,  whole  texture  refembles  dry  clay,, 
and  which  have  no  other  known  quality,  whereby  they  may  be  diftinguifhed 
from  other  flints,  except  that  they  may  be  more  eafily  melted  in  the  fire;  and 
this  quality,  perhaps,  may  proceed  from  the  mixture  of  iron.  It  often  breaks 
with  conchoidal  furfaces;  is  capable  of  a fine  polilh  ; its  colour  is  generally 
reddifh  or  green,  or  ftriped;  but  it  is  alfo  found  blue,  grey,  orwhitifti;  its : 
fpecific  gravity  is  from  2.68.  to  2.778  or  more,  when  it  contains  more  iron. 

Jafper  is  infufible  alone  with  the  blow  pipe  with  the  mineral  alkali  it  is  only, 
partially  foluble,  feparating  itfelf  with  effervefcence,  into  fmall. particles ; but  it 
melts  with  borax  or  microcojmic  falt,_  without  any  effervefcence. 

According  to  Bergman,  in  his  Sciagraphia,  it  is  compofed  of  \filiceous  earth, 
united  to  an  argill  very  full  of  iron.  The  mineral  acids  have  no  adtion  upon 
jafper  in  a fliort  time,  but  at  the  end  of  fome  months  it  is  found  corroded,  if 
itnmerfed  in  them,  A fmall  piece  of  green  jafper  having  been  treated  with  the 
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vitriolic  acid,  gave  fome  cryftals  of  alum,  and  fome  martial  vitriol,  which  de- 
monftrates  that  argill  and  iron  enter  into  its  compofition. 

M.  Daubenton  mentions  15  varieties  of  jafper.  1 . The  green,  from  Bohemia, 
Silefia,  Siberia,  and  the  fhores  of  the  Cafpian  fea.  This  feems  to  be  the  pavonium 
of  Aldrovandus.  2.  The  red,  or  the  diaffro  rcjfo  of  the  Italians,  which  is  not 
fo  common,  nor  in  fuch  great  maffes,  as  the  green.  3.  The  yellow , from 
Freybergand  Rochtlizj  it  is  fometimes  of  a citron  colour,  and  looks  as  if  com- 
pofed  of  filky  filaments.  This  is  called  the  filk  jafper.  4.  Brown , from  Dale- 
carlia,  in  Finland  and  Sweden.  5.  The  violet,  from  Siberia.  6.  The  black , 
from  Sweden,  Saxony,  and  Finland.  This  is  th eparagone  antico  of  the  Italians. 
7.  The  blueiflj  grey,  which  is  very  rare.  8.  The  milky  white,  of  which  Pliny 
fpeaks;  it  is  found  in  Dale'carlia.  9.  The  variegated  with  green,  red,  and  yellow 
clouds.  10.  The  blood  Jlone , which  is  green  with  red  fpecks,  from  Egypt,  and 
was  fuppofed  to  Hop  the  blood.  1 1.  The  veined,  with  various  colours.  When 
thefe  veins  have  the  refemblance  of  letters,  it  is  then  called  jafpe  grammatique  by 
the  French.  Some  of  this  kind  are  found  near  Rochelle,  in  France,  and  called 
polygrammatiques  by  the  curious  in  thefe  trifling  accidental  qualities.  12.  That 
which  has  various  coloured  zones.  13.  That  called  fiorito  by  the  Italians,  which 
has  its  various  colours  promifcuoufly,  without  any  order.  14  When  the  jafper 
has  a great  number  of  colours  together,  it  is  then  (very  improperly)  called  uni- 
verfal.  15.  Laftly,  when  the  jafper  is  found  to  contain  fome  portions  of  agate, 
it  is  then  called  agatized  jafper. 

JELLY.  An  animal  liibftance  foluble  in  water  whether  hot  or  cold.  Its 
principal  properties  are  detailed  under  the  article  Jelly.  It  is  ufed  either  as  food, 
or  as  a cement  in  the  arts  under  the  name  of  glue.  Meffrs.  Parmentier  and 
Pelletier  made  fome  judicious  experiments  upon  glue  made  from  bones  by  M. 
Grenet,  of  which  an  account  is  inferted  in  the  13th  volume  of  the  Annales  de 
Chimie,  p.  192.  Six  pounds  of  rafpings  of  bone  from  the  button-mould  makers 
were  put  into  a copper  boiler  with  twenty-four  pints  of  water,  and  in  that  ftate 
left  to  foak  for  two  days  without  heat.  At  this  period  the  veffel  was  placed  on  a 
fire,  and  after  the  expiration  of  one  hour  the  fluid  was  in  a ftate  of  ebullition, 
which  was  continued  for  nine  hours.  The  materials  were  then  left  to  fubfide  for 
a night.  The  fupernatant  fluid,  or  glue,  was  by  this  means  rendered  clear.  It 
was  drawn  off  with  a fyphon.  The  quantity  was  fourteen  pints,  and  two  pints 
more  were  obtained  by  preflure  from  the  dregs.  This  clear  fluid  was  afterwards 
concentrated  by  farther  evaporation,  then  fuffered  to  cool  for  half  an  hour,  and 
poured  into  wooden  moulds.  In  the  courfe  of  the  day  it  had  acquired  the  con- 
fidence of  a firm  jelly,  which  was  cut  into  cakes,  and  dried  upon  a net.  Fourteen 
days  were  requifite  for  this  purpofe,  in  the  fhade,  the  weather  being  rainy  and 
damp.  The  quantity  of  glue  was  fifteen  ounces  and  four  drams,  with  the  addi- 
tion of  four  drams  more  obtained  by  preflure  from  the  dregs.  The  dried  relidue 
weighed  four  pounds  three  ounces,  and  the  lofs  was  thirteen  ounces.  The  glue 
was  theiefore  one  fixth  of  the  weight  of  the  bones. 

Ivory  rafpings  treated  in  the  fame  manner,  afforded  upwards  of  one  fifth  part 
of  their  weight  of  glue. 

The  dark  colour  of  glue  was  found  to  arife  from  the  a<5tion  of  the  heat  in  the 
laft  evaporation.  Thefe'intelligent  chemifts,  adverting  to  the  fact,  that  ifinglafs 
is  rendered  clear  and  white  by  fumigation  with  fulpluir;  but  at  the  fame  time 
refle&ing,  that  glue  not  being  compofed  of  thin  fibres,  was  incapable  of  under- 
going 
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going  this  procefs,  as  to  its  interior  part,  determined  to  try  the  folution  of 
Tulphureous  or  volatile  vitriolic  acid.  They  prepared  a pale  jelly  by  a fhort 
ebullition  of  rafpings  of  bones  in  the  fm a 11  eft'  poflible  quantity  of  water,  To 
this  they  added  a little  water  charged  with  fulphureous  acid,  and  mixed  the  flliids 
well  together.  The  experiment  Succeeded.  They  propofed  as  a preliminary 
operation  to  bleach  the  rafpings  by  the  fame  means,  where  a pale-coloured  glue 
is  required. 

Thefe  commiffaries  found,  that  the  glue  manufactured  by  M.  Grenet  was 
equal  in  quality  to  the  beft  made  in  England,  or  elfewhere.  They  could  not 
make  glue  from  horn-. 

JESUITS  BARK.  See  Peruvian  Bark. 

JET.  Gagas , Succinum  nigrum.  Lat.  Jet , or  Jayet.  French. 

•The  jet,  the  lapis  obfidianus , and  the  foffil  wood,  penetrated  by  mineral  inflam- 
mable matter,  are  often  confounded  together,  on  account  of  their  black  gloffy 
colour.  But  the  lapis  obfidianus  is  a volcanic  glafs,  and  jet  is  a compaCt 
Bitumen.  Jet  is  much  harder  than  afphaltum,  always  black,  fufceptible  of  a 
good  polifh,  and  gloffy  in  its  fraCture,  which  is  conchoidal;  its  fpecific  gravity 
••is  1.744;  it  melts  in  a moderately  ftrong  heat,  with  a difagreeable  fmell ; when 
burnt,  it  leaves  a grey  earthy  ochrous  refiduum ; it  is  infoluble  in  fpirit  of  wine. 

It  is  found  in  England,  Scotland , France,  Italy,  Germany , &c.  Wallerius, 
Bomare,  and  others  affert,  that  it  floats  on  water ; a circumftance  which,  if  true-, 
muft  indicate  a fpecific  gravity  not  greatly  exceeding  the  half  of  the  above, 
which  is  from  Kirwan. 

The  ufeof  this  foffil  confifts  in  the  manufacture  of  fmall  toys.  It  is  alfo  faid 
to  be  an  ingredient  in  varniflies, 

JEWS  PITCH.  See  Asphaltum. 

JUICES  OF  PLANTS.  The  juices  of  Several  plants  are  expreffed  to  ob- 
tain their  effential  falts,  and  for  leveral  medicinal  purpofes,  with  intention  either 
to  be  ufed  without  further  preparation,  or  to  be.  made  into  fyrups  and  extracts. 

The  general  method  of  extracting  thefe  juices  is,  by  pounding  the  plant  in'  a 
marble  mortar,  and  then  by  putting  it  into  a prefs.  Thus  is  obtained  a muddy 
and  green  liquor,  which  generally  requires  to  be  clarified,  as  we  fhall  foon  ob- 
serve. 

The  juices  of  all  plants  are  not  extracted  with  equal  eafe.  Some  plants,  even 
when  frelh,  contain  fo  little  juice,  that  water  muft  be  added  while  they  are 
pounded,  otherwife  fcarcely  any  juice  would  be  obtained  by  expreffion.  Other 
plants,  which  contain  a confiderable  quantity  of  juice,  furnifh  by  expreffion  but 
a fmall  quantity  of  it,  becaufe  they  contain  alfo  much  mucilage  ; which  renders 
the  juice  fo  vifcid  that  it  cannot  flow.  Water  muft  alfo  be  added  to  thefe  plants 
to  obtain  their  juice. 

The  juices  thus  obtained  from  vegetables  by  a mechanical  method,  are  not, 
properly  fpeaking,  one  of  their  principles,  but  rather  a collection  of  all  the 
proximate  principles  of  plants  which  are  foluble  in  water;  fuch  as  the  fapona- 
ceous  extractive  matter,  the  mucilage,  the  odoriferous  principle,  all  the  faline  and 
faccharine  fubftauces ; all  which  are  diffolved  in  the  water  of  the  vegetation  of 
the  plants.  Befides  all  thefe  matters,  the  juice  contains  fome  part  of  the  refinous 
fubftance,  and  the  green  colouring  matter.  Thefe  two  latter  fubftances,  not 
being  foluble  in  water,  are  only  interpofed  between  the  parts  of  the  other  prin- 
ciples which  are  diffolved  in  the  juice,  and  consequently  difturb  its  tranfparency. 
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They  neverthelefs  adhere  together  in  a certain  degree,  and  fo  ftron^ly  in  moil 
juices,  that  they  cannot  be  feparated  by  filtration  alone. 

When  therefore  thefe  juices  are  to  be  clarified,  fome  previous  preparations  mud 
be  ufed  by  which  the  filtration  may  be  facilitated.  Juices  which  are  acid,  and 
not  very  mucilaginous,  are  fpontaneoufly  clarified  by  refi  and  gentle  heat.  The 
juices  of  moft  anti  fcorbutic  plants  abounding  in  faline  volatile  principles,  may 
be  difpofed  to  filtration  merely  by  immerfion  in  boiling  water;  and  as  they  may 
be  cohtained  in  elofed  bottles  while  they  are  thus  heated  in  a water  bath,  their 
faline  volatile  part,  in  which  -their  medicinal  qualities  chiefly  conlift,  may  thus, 
be  preferved.  Fermentation  is  alfo  an  effectual  method  of  clarifying  juices 
which  are  fufceptible  of  it;  for  all  liquors  which  have  fermented,  clarify  fpon- 
taneoufly  after  fermentation.  But  this  method  is  not  ufed  to  clarify  juices,  becaufe 
many  of  them  are  fufceptible  of  only  an  imperfeCt  fermentation,  and' becaufe  the' 
qualities  of  moft  of  them  are  hindered  by  that  procefs. 

The  method  of  clarification  moft  generally  ufed,  and  indifpenfably  neceffary 
for  thofe  juices  which  contain  much  mucilage,  is  by  boiling  with  the  white  of  an 
egg.  This  matter,  which  has  the  property  of  coagulating  in  boiling  water,  and 
ol  uniting  with  mucilage,  does  accordingly,  when  added  to  the  juice  of  plants,, 
unite  with  and  coagulate  their  mucilage,  and  feparates  it  from  the  juice  in  form 
of  fcum,  together  with  the  greateft  part  of  the  refinous  and  earthy  matters  which , 
difturb  its  tranfparency.  And  as  any  of  thefe  refinous  matters  which  may  re- 
main in  the  liquor,  after  this  boiling  with  the  white  of  eggs,  are  no  longer- 
retained  by  the  mucilage,  they  may  ealily  be  feparated  by  filtration.  bee 
Filtration. 

The  juices,  efpecially  before  they  are  clarified,  contain  almoft  all  the  fame 
principles  as  the  plant  itfelf,  becaufe,  in  the  operation  by  which  they,  are  ex- 
tracted, no  decompofition  happens,  but  every  thing  remains,  as  to  its  nature,, 
in, the  fame  ftate  as  in  the  plant.  The  principles  contained  in; the  juice  are  only 
feparated  from  the  gr.offer,  oily,  earthy,  and  refinous  parts,  which  compofe 
the  folid  matter  that  remains  under  the  prefs.  Thefe  juices,  when  well  prepared, 
have  therefore  exactly  the  fame  medicinal  qualities  as  the  plants  from  which  they 
are  obtained.  They  muft  evidently  differ  from  each  other,  as  to  the  nature  and 
proportions  of  the  principles  with  which  they  are  impregnated,  as  much  as  the 
plants  from  which  they  are  extracted  differ  from  each  other  in  thofe  refpeCls. 


KALI  is  a maritime  plant,  from  the  afhes  of  which  a confiderable  quantity  of 
mineral  fixed  alkali  is  obtained  by  lixiviation.  See  Alkali  (Fixed  Mi- 
neral). Henckel  informs  us,  that  by  boiling  the  plant  in  water,  and  by  eva- 
porating the  decoCtion,  he  obtained  a confiderable  quantity  of  fea  fait. 
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. KAN  EL  COAL.  See  Cannel  Coal. 

KAOLIN.  TheChinefe  name  of  an  earth  ufed  as  one  of  the  two  ingredients 
of  the  oriental  porcelain.  Some  of  this  earth  was  brought  from  China,  and  ex- 
amined by  M.  Reaumur.  He  found  that  it  was  infufible,  and  fuppofed  it  to  be 
a talcy  earth  ; but  Macquer  fuppofes  it  to  contain  clay,  becaufe  it  forms  a 
tenacious  pafte  with  the  other  ingredient  called  petuntfe,  which  has  no  tenacity. 
Bo  mare  found,  that  it  was  a compound  of  clay,  or  calcareous  earth,  mica, 
and  fmall  quartz  cryftals.  He  fays  that  he  has  found  a fimilar  earth  upon  a 
ftrattrm  of  granite,  and  conjedtures  that  it  may  be  a decompofed  granite 

As  porcelain  is  now  manufactured  in  various  parts  of  Europe,  fome  mineralo- 
gifts  have  applied  the  term  kaolin  to  the  porcelain  clay, 

KARABE,  or  Cara.be.  See  Amber. 

KARAT.  The  finenefs  of  gold  is  commonly  noted  by  karats.  Pure  gold 
being  confidered  to  be  divided  into  twenty-four  equal  parts,  or  karats;  it  is 
then  faid  to  be  twenty-four  karats  fine.  If  the  quantity  of  pure  gold  in  any 
mafs  be  lefs  than  this,  that  quantity  only  is  noted  in  expreffing  the  finenefs. 
Thus,  for  example,  if  two  parts  out  of  the  twenty-four  be  copper  or  other  bafe 
metal,  the  gold  is  faid  to  Be  twenty-two  karats  fine.  This  is  the  ftandard  of 
Britifh  coin.  See  Assay. 

The  karat  is  a real  weight  ufed  by  jewellers,  divided  by  us  into  four  grains  : 
but  thefe  grains  are  lefs  than  the  grains  of  troy-weight ; four  grains  troy  being 
equal  to  five  of  thefe  fub-divifions  of  the  karat,  according  to  David  Jeffery s» 
See  Diamond. 

KEDRIA  TERRFSTRIS.  Barbadoes  tar;  a mineral  oil  refembling  foft 
pitch.  It  is  vifcid,  and  of  a brown  black,  or  reddifh  black  colour,  eafily 
fufible,  and  burning  with  much  fmoke  and  foot.  Ardent  fpirit  does  not  difiolve 
it,  but  mineral  alkali  extracts  a portion  of  the  acid  of  amber. 

KEFFEK1L.  A (tone  of  a white  or  yellow  colour,  foapy  feel,  and  moderate 
Tiardnefs  which  increafes  in  the  fire.  It  is  the  fu-b fiance  of  which  the  large 
Turkey  pipes  are  made.  It  is  found  in  Crim  Tartary,  in  Canada,  in  Flanders, 
and  elfewhere.  The  Tartars  rife  it  inftead  of  foap,  as  do  likewife  the  country 
people  in  the  barony  of  Hierges,  in  Auftrian  Flanders.  Wiegleb  found  it  to 
oonfift  of  equal  parts  of  magnefia  and  filex,  whence  it  feems  to  operate  as  a 
fullers-earth.  See  Earth  (Fullers). 

KERMES  ( ccccus  ilicis , Lin.)  is  an  infedt  found  in  many  parts  of  Alia, 
and  the  foutli  of  Europe.  Jt  was  knowiY'to  the  ancients  by  the  name  of  coccum 
Jcarlatinum,  coccus  baplricus,  coccus  infedtor'i'us ■,  granum  tinker  turn.  That  which 
came  from  Galatia  and  Armenia  was  preferred  ; but  at  prefent  it  is  gathered 
chiefly  in  Languedoc,  Spain,  and  Portugal. 

The  kermes  lives  on  a fmall  kind  of  oak  (quercus  ccccifera,  Lin.).  The  fe- 
males grow  big,  and  at  length  remain  motioniefs;  when  they  are  nearly  the  fize 
and  lhape  of  a pea,  and  of  a reddifh  brown  colour.  On  account  of  their  figure, 
they  were  a long  time  taken  for  the  feeds  of  the  tree  on  which  they  live;  whence 
they  were  called  grains  of  kermes.  They  alfo  bore  the  name  of  vermilion. 

The  firft  who  has  fpoken  of  them  with  any  accuracy  is  Peter  de  Quiqueran, 
bifliop  of  Senez,  who  mentions  them  in  his  book,  De  Laudibus  Lrovincia,  1550. 

The  hiftory  of  this  infedt  may  be  feen  in  a memoir  of  Niflole,  Acad,  des 
Sciences,  1714,  and  more  particularly  in  Reaumur’s  Memoires  pour  fervir  a 
rHiJtoire  des  Infedfes,  tom.  iv. 
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Kermes  has  been  fuppofcd.  to  have  derived  its  name  from  an  Arabic  word, 
fignifying  a little  worm,  vermiciilus ; whence  the  name  of  vermilion,  which  has. 
alfo  been  given  it.  Aftruc  derives  the  name  from  two  Celtic  words,  one  of 
which  fignifies  an  oak , the  other  an  acorn* . 

The  kermes  fixes  itfelf  to  the  back  of  the  fhrub  on  which  it  is  found,  by. 
means  of  a cottony  down  which  it  is  capable  of  furnilhing.  Mr.  Chaptal  haSf. 
obferve.d,  that  this  down,  like  that  cf  all  the  infers  of  this  kind,  has  many 
chara&eriftics  of  the  caoutchouc;  it  is  infoluble  in  alcohol,  melts  at  the  heat  of 
boiling  water,  and  burns  with  a flame  on  the  coals.  That  learned  chemift  gave 
Bartholate  the  following  defcription  of  the  mode  of  gathering  it  in  Languedoc: 

About  the  middle  of  May  they  begin  to  gather  kermes,  which  is  then  arrived- 
at  its  ordinary  fizey  and  in  colour  and  fhape  refembles  a fmall  floe  (prunelle). 
This  harveft  generally  continues  to  the  middle  of  June,  and  fometimes  longers  4 
if  the  great  heats  be  retarded,  or  no  violent  rains  fall ; for  one  heavy  ftorm  of 
rain  is  fufficient  to  put  an  end  to  the  gathering  for  that  year. 

In  this  occupation  women  are  generally  employed.  They  fet  out  early  in  the 
morning,  with  a lanthetn,  and  a glazed  earthen,  pot,  to  pick  off  the  kermes 
from  the  branches  with  their  fingers  before  day.  This  time  is  the  moft  favour- 
able : i ft.  Becaufe  the  leaves,  which  are  prickly,  are  then  lei's  troublefome,  being 
foftened  by  the  morning  dew.  2clly.  Becaufe  the  kermes  weighs  more;  whether 
becaufe  it  is  not  dried  by  the  fun,  or  becaufe  it  has  parted  with  fewer  of  its  young, 
which  are  hatched  by  the  warmth.  Some,  however,  are  bold  enough  to  gather, 
it  in  the  day-time,  but  this  is  rarely  done. 

A fingle  perfon  may  gather  one  or  two  pounds  a- day. 

At  the  beginning  of  the  harveft,  the  kermes  weighs  more,  but  fetches  a lefs- 
price  than  at  the  end,  when  it  is  drier  and  lighter. 

The  price  of  frefli  kermes  varies  alfo  according  to  the  demand  for  it,  and  its 
fcarcity.  It  commonly  fells  for  fifteen  or  twenty  foils  a pound,  at  the  beginning 
of  the  gathering,  and  for  thirty  or  forty  towards  the  end. 

The  buyers  are  obliged  as  foon  as  poftible  to  flop  the  progrefs  of  the  eggs,  in 
order  to  prevent  the  young  contained  in  the  fihell  from  getting  out.  This  fliell 
is  nothing  but  the  body  of  the  mother,  diftended  by  the  growth  of  the  eggs. 
The  female  has  no  wings : it  fettles  itfelf  on  a leaf,  where  it  fixes : the  male 
comes  to  fecundate  it:  and  it  afterwards  increafes  in  fize  merely  from  the  growth 
of  the  eggs.  To  kill  the  young  contained  in  thefe,  the  kermes  is  fteeped  ten  or 
twelve  hours  in  vinegar,  which  requires  lefs  time,,  as  half  an  hour  is  fufficient. 

It  is  afterwards  dried  on  linen  cloths.  This  operation  give-s  it  a colour  like  that 
of  red  wine. 

If  the  living  infedl  be  bruifed,  it  gives  out  a red  colour.  Its  fmell  is  fome- 
what  pleafant;  its  tafte  a little  bitter,  rough,  and  pungent.  When  dry  it  imparts 
this  fmell  and  tafte  to  water,  and  alfo  to  alcohol,  to  both  which  it  gives 
a deep  red  colour.  This  colour  is  retained  by  the  extrafts  made  from  thefe 
infufions. 

To  dye  fpun  worfted  with  kermes,  it  is  firft  boiled  half  an  hour  in  water 
with  bran ; then  two  hours,  in  a frefli  bath,  with  one-fifth  of  Roman  alum, 
and  one-tenth  of  tartar,  to  which  Jour  water  is  commonly  added  ; after  which  it 
is  taken  out,  tied  up  in  a linen  bag,  and  carried  to  a cool  place,  where  it  is 
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left  fome  days.  To  obtain  a full  colour,  as  much  kermes  as  equals  three-fourths,, 
or  even  the  whole  of  the  weight  of  the  wool,  is  put  into  a warm  bath,  and  the 
wool  is  put  in  at  the  firfl  boiling.  As  cloth  is  more  denfe  than  wool,  either 
fpun  or  in  the  fleece,  it  requires  one  fourth  lefs  of  the  falts  in  the  boiling,  and 
of  kermes  in  the  bath.  Lefs  proportions  of  kermes  will  produce  lighter  and 
paler  colours.  If  we  want  a fucceffton  of  fhades,  we  mull,  as  ufual,  begin  with 
the  deepeft. 

Hellot  direds  a fmall  handful  of  cot  or  refufe  wool  to  be  thrown  into  the 
boiler  in  which  the  kermes  is,  and  to  let  it  boil  a moment  before  the  wool  to  be 
dyed  is  put  in.  This  will  abforb  a kind  of  black  dregs,  and  the  wool  after- 
wards dipped  will  take  a better  colour.  Before  the  wool  that  is  juft  dyed  is 
taken  to  the  river,  it  may  be  dipped  in  a bath  of  water  a little  warm,  in  which  a 
fmall  quantity  of  foap  has  been  diffolved.  In  this  way  the  colour  will  acquire 
more  brightnefs,  though  it  will  be  rendered  .a. little  rofy,  that,  is,  will  have  a crim- 
f©n  caft. 

By  ufing  kermes  and  tartar,  without  alum,  and  with  as  much  folution  of  tin 
as  is  requited  for  a fcarletwith  cochineal,  Hellot  obtained  a very  lively  cinna- 
mon colour  in  a (ingle  bath.  Cloth  deeped  in  a Elution  of  lulphat  of  potalh, 
took  with  kermes  a pretty  fine  and  permanent  agate  gray  : in  a folution  of  iulphat 
of  iron  and  tartar,  a fine  gray  : in  a folution, of  tartar  and  fulphatof  copper,  an 
orange  colour:  and  the  fame  with  nitrat  of  copper.:  Solution  of  brfmuth  a ded 

drop  by  drop  to  a kermes  bath,  produced  a violet.  All  acids  convert  it  to  a 
cinnamon- colour,,  which  inclines* more ^ or  lefs  to  red,  according  as  the  acids  are 
weak,  and  their  quantity  fmall. . Alkalis  render  its  colour  dull  and  rofy. 

The  colour  that  kermes  imparts  to  wool,  has  much-  lefs  bloom  than  the 
fearlet  made  with  cochineal;  whence  the  latter  has.  generally  been  preferred, 
fince  the  art  of  heightening  its  colour  by  means  of  folution  of  tin  has  been, 
known.  Berthollet. 

KERMES  MINERAL.  See  Antimony. 

KILLAS.  This  Rone  is  chiefly  found  in  Cornwall ; its  colour  is  pale  gray- 
er greenilh  gray;  its  texture  either  lamellar  or  coarlely  granular:  the  la- 
mellar is  fofter  and  lefs  martial  than  the  roof  fliiftus:  its  fpeafic  gravity  from 
2.63  to  2.666. 

Kirwan  found  an-  hundred  grains  of  the  lamellar  fort  to  contain  about  60  of 
filex,  25  of  argill,  9 of  magnefia,  and  6 of  iron.  The  gieenilh  fort  contains 
more  iron,  and  gives  a greenifh  colour  to  the  nitrous  acid. 

KINGDOMS.  Naturalifts  and  chemifts  divide  all  natural  bodies  into  three 
great  cla(Tes,  called  kingdoms,  namely-,  the  mineral,  the  vegetable,  and  the 
animal  kingdoms.  The  utility  of  thefe  divifions  appears  to  be  in  a great  meafure 
confined  to  the  natural  hiftory  of  the  various  fubjeds  examined  by  the  chemift. 
The  diftindive  criterions  of  their  refpedive  principles  are  difficult,  and  perhaps 
impoffible  to  be  afeertained,  excepting  in  bodies  of  no  great  fimplicity;  for  none 
of  the  principles  of  organized  bodies  exhibit  their  peculiar  charaders  when  re- 
folved  by  putrefadion  or  otherwife  into  their  fimpleft  parts.  See  Animal 
Kingdom,  Vegetable  Kingdom,  Mineral  Kingdom. 

KOLMORD  MARBLE.  A white  calcareous  ftone  of  a fcaly  texture,  inter- 
fperfed  with  fpots  of  fteatites,  or  foap  rock,  eithergreen  or  black. 

KUPFER  NICKEL.  See  Nickel, 
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IP  ABDANUM..  A refin  of  a fpecies  of  ciftus  in  Candia,  of  a biackifii 
f;  a colour.  The  country  people  collect  it  by  means  of  a ftaff,  at  the  end  of 
which  are  fattened  many  leather  thongs,  which  they  gently  (trike  on  the  trees. 
They  form  it  into  cylindrical  pieces,  which  are  called  labdanum  in  tortis.  It  is 
greatly  adulterated  by  the  addition  of  black  fand,  and  is'ufed  as  an  aftringent. 

LABORATORY.  A place  properly  fitted  up  for  the  perfoimance  of  che- 
mical operations.  The  feveral  laboratories  intended  for  the  preparation  of  articles 
of  the  materia  medica,  or  the  arts,  in  the  large  way,  have  their  refpective  accom- 
modations and  contrivances,  the  defcription  of  which  would  occupy  feveral 
volumes.  The  philofophical  chemift,  whofe  operations  afford  products  chiefly  of 
value  for  the  refults  they  exhibit,  naturally  endeavours,  as  well  for  the  advantage 
of  time,  as  expence,  to  perform  all  his  operations  on  as  fmall  a fcale  as  poflible. 
It  was  once  thought  to  be  indifpenfably  necefiary  that  a philofophical  chemift 
fhould  be  provided  with  a regular  laboratory,  or  room  fitted  up  with  furnaces 
and  other  apparatus,  on  a confiderably  extenfive  fcale.  This  is  no  doubt  of 
great  utility  and  advantage ; but  the  refearches  of  Bergman,  Morveau,  and  other 
eminent  chemifts,  have  fhewn,  rhat  much,  if  not  moll  of  the  chemical  opera- 
tions may  be  performed  with  the  blow-pipe,  or  by  very  fmall  glafs  veffels,  and 
a fpirit  lamp,  with  greater  fpeed,  perfpicuity,  facility,  and  cheapnefs,  than 
where  larger  quantities  of  the  materials  are  ufed.  But  as  the  proportional  quan- 
tities of  products,  and  the  indications  afforded  by  experiment  for  conducting 
manufacturing  procefles,  are  more  accurately  deduced  from  confiderable  quan- 
tities, I fhall  in  this  article  give  the  excellent  (ketch  of  a laboratory,  as  I find  it 
in  Macquer’s  Dictionary. 

As  chemiftry  isafcience  founded  entirely  on  experiment,  we  cannot  hope  to 
underftand  it  well,  without  making  fuch  experiments  as  verify  mod  of  the 
known  fundamental  operations,  and  alfo  fuch  as  reafoning,  analogy,  and  the 
fpirit  of  inquiry,  never  fail  to  fugged  to  thofe  whofe  tafte  and  fuitable  talents 
lead  them  to  this  effential  part  of  experimental  philofophy.  Befides,  when  a 
perfon  himfelf  obferves,  and  operates,  he  mutt  perceive,  even  in  the  mod  com- 
mon operations,  a great  variety  of  fmall  faCts,  which  mutt  neceflarily  be  known, 
but  which  are  not  mentioned  either  in  books  or  in  memoirs,  becaufe  they  are  too 
numerous,  and  would  appear  too  minute.  Laftly,  how  many  qualities  are  in 
the  feveral  agents,  of  which  no  juft  notion  can  be  given  by  writing,  and  which 
are  perfectly  well  known  as  foon  as  they  have  been  once  made  to  ftrike  our 
fenfes. 

A chemical  laboratory  neceflarily  occafions  certain  expences,  but  not  fo  much 
as  is  generally  believed,  when  the  operator  knows  how  to  manage  his  utenfils, 
and  to  employ  only  the  proper  quantity  of  the  feveral  fubftances  upon  which  he 
operates ; and  laftly,  when  he  choofes  the  lead  expenfive  methods  of  attaining  his 
purpofes. 

Many 
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Many  people  think,  that  a laboratory  level  with  the  ground  is  moft  conve- 
nient, for  the  fake  of  water,  pounding,  wafhing,  &c.  It  certainly  has  thefe 
advantages;  but  it  is  alfo  fubjeft  to  very  great  inconvenience  from  moifture. 

Conftant  moifture,  though  not  very  confiderable  and  fenfible  in  many  refpefts, 
is  a very  great  inconvenience  in  a chemical  laboratory.  In  fuch  a place,  moft 
faline  matters  become  moift  in  time,  and  the  infcriptions  fall  ofF,  or  are  effaced  ; 
the  bellows  rot;  the  metals  ruff;  the  furnaces  moulder,  and  every  thing  almoft 
fpoils.  A laboratory  therefore  is  more  advantageoufly  placed  above  than  below 
the  ground,  that  it  may  be  as  dry  as  poffible.  The  air  mud  have  free  accefs  to 
it ; and  it  muft  even  be  fo  conftru&ed,  that,  by  means  of  two  or  more  oppofite 
openings,  a current  of  air  may  be  admitted  to  carry  off  any  noxious  vapours  or 
duff. 

In  the  laboratory  a chimney  ought  to  be  conftru&ed,  fo  high  thata  perfon  may. 
eafily  ftand  under  ir,  and  as  extenfive  as  is  poffible;  that  is,  from  one  wall  to 
another.  The  tube  of  this  chimney  ought  to  be  as  high  as  is  poffible,  and  Effi- 
ciently contracted  to  make  a good  draught.  As  charcoal  only  is  burnt  under  this 
chimney,  no  foot  is  collected  in  it ; and  therefore  it  need  not  be  fo  wide  as  to 
allow  a chimney-fweeper  to  pafs  up  into  it. 

Under  thij  chimney  may  be  conftruCted  fome  brick  furnaces,  particularly  a 
melting  furnace,  a furnace  for  diftilling  with  an  alembic,  and  one  or  two  ovens 
like  thofe  in  kitchens.  The  reft  of  the  fpace  ought  to  be  filled  up  with  ftands 
of  different  heights,  from  a foot  to  a foot  and  a half,  on  which  portable  furnaces 
of  all  kinds  are  to  be  placed.  Thefe  furnaces  are  the  moft  convenient,  from  the 
facility  of  difpofing  them  at  pleafure ; and  they  are  the  only  furnaces  which  are 
necelfary  in  a fmall  laboratory.  A double  bellows  of  moderate  fize  muft  alfo  be 
placed  as  commodioufly  under  the  chimney,  or  as  near  as  the  place  will  allow. 
Thefe  bellows  are  fometimes  mounted  in  a portable  frame;  which  is  fufficicntly 
convenient  when  the  bellows  is  not  more  than  eighteen  or  twenty  inches.  Thefe 
bellows  ought  to  have  a pipe  directed  towards  the  hearth  where  the  forge  is  ter 
be  placed. 

The  neceffary  furnaces  are,  the  fimple  furnace,,  for  diftilling  with  a copper 
alembic;  a lamp  furnace;  two  reverberatory  furnaces,  of  different  fizes,  for 
diftilling  with  retorts;  an  air  or  melting  furnace,  an  effay  furnace,  and  a forge 
furnace. 

Under  the  chimney,  at  a convenient  height,  muft  be  a row  of  hooks  driven 
into  the  back  and  fide  walls ; upon  which  are  to  be  hung  fmall  fhovels ; iron 
pans;  tongs;  ftraight,  crooked,  and  circular  pincers;  pokers;  iron  rods,  and 
other  utenfils  for  difpofing  the  fuel  and  managing  the  crucibles. 

To  the  walls  . of  the  laboratory  ought  to  be  faftened  flielves  of  different  breadths 
and  heights;  or  thefe  fhelves  may  be  fufpended  by  hooks.  The  flielves  are  to 
contain  glafs  veffels,  and  the  products  of  operations,  and  ought  to  be  in  as  great 
a number  as  is  poffible.  In  a laboratory  where  many  experiments  are  made,  one 
cannot  have  too  many  [helves. 

The  moft  convenient  place  for  a ftone  or  leaden  fountain  to  contain  water  is  a 
corner  of  the  laboratory,  and  under  it  a ciftern  ought  to  be  placed  with  a pipe, 
by  which  the  water  poured  into  it  may  difeharge  itfelf.  As  the  veffels  are  always 
cleaned  under  this  fountain,  cloths  and  bottle  brnfhes  ought  tt>  be  hung  upon 
hooks  faftened  in  the  walls  near  it. 

In  the  middle  of  the  laboratory  a large  table  is  to  be  placed,  on  which  mix- 
tures are  to  be  made,  preparations  for  operations,  folutions,  precipitations, 
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'fmall  filt rations ; in  a ward,  whatever  does  not  require  fire,  excepting  that  of  a 
lamp. 

In  convenient  parts  c5f  the  laboratory  are  to  be  .placed  blocks  of  wood  upon 
moats-,  one  of  which  is  to  fupport  a middle- fized  iron  mortar ; another  to  fupport 
a middle- fized  marble,  or  rather  hard  ftone  mortar ; a third  to  fupport  an  anvil. 
Near  the  mortars  are  to  be  hung  fearces  of  different  fizes  and  finenefs ; and  near 
the  anvil  are  hung  a hammer,  files,  rafps,  fmall  pincers,  fciffars,  fheers,  and 
other  fmall  utenfils  neceffary  to  give  metals  a form  proper  for  the  feveral  ope- 
rations. 

Two  moveable tre®s  might  to  be  in  a laboratory,  which  may  ferveto  fup- 
-port  alarge  filter  mounted  upon  a frame,  when  it  is  required.  This  apparatus  is 
removed  occafionally  to  the -moft  convenient  place. 

Charcoal  is  an  important  article  in  a laboratory,  and  it  therefore  muft  be  placed 
within  reach;  but  as  the  black  duft  which  flies  about  it  whenever  it  isftirred 
is  apt  to  foil  every  thing  in  the  laboratory,  it  had  better  be  in  fome  place  near  the 
.laboratory,  together  with  fome  furze,  which  is  very  convenient  for  kindling  fires 
quickly.  This  place  ferves,  at  the  fame'time,  for  containing  bulky  things  which 
are  not  often  wanted;  foehns  furnaces,  bricks,  tiles,  clay,  fire-clay,  quick- lime, 
fand,  and  many  other'  things  neceffary  for  chemical  operations. 

’Laftly,  a middle-fized  table,  with  folid  feet,  ought  to  be  enumerated  amongft 
the  large  moveables  of  a laboratory,  theufe  of  which  is  to  fupport  a porphyry, 
or  levigating  ftone,  or  rather  a very  hard  and  denfe  grit- ftone,  together  with  a 
grinder  made  of  the  fame  kind  of  ftone. 

The  other  fmall  moveables  or  utenfils  of  a laboratory  are,  fmall  hand-mortars 
of  marble,  iron  and  glafs,  and  their  peftles ; earthen,  ftone,  metal,  and. glafs 
veffels. 

Some  white  writing  paper,  and  fome  paper  not  glued  for  filtrations;  a large 
number  of  clean  ftraws,  eight  or  ten  inches  long,  for  ftirring  mixtures  in  glaffes, 
and  for  fupporting  paper  filters  placed  in  glafs  funnels. 

Glafs  tubes  for  ftirring  and  mixing  corrofive  liquors;  fpatulas  of  wood,  ivory, 
metal,  and  of  glafs. 

Thin  pafteboards,  and  horns,  very  convenient  for  collefting  matters  bruifed 
with  water  upon  the  levigating  ftone,  or  in  mortars ; corks  of  all  fizes ; bladders 
and  linen  ftrips  for  luting  veffels. 

A good  portable  pair  of  bellows;  a good  fteel  for  ft r iking  fire;  a glue  pot, 
with  its  little  brufh  ; laftly,  a great  many  boxes  of  various  fizes,  for  containing 
moft  of  the  above-mentioned  things,  and  which  are  to  be  placed  upon  the 
fhelves. 

Befides  thefe  things,  fome  fubftances  are  fo  neceffary  in  moft  chemical  opera- 
tions, that  they  may  be  confidered  as  inftruments  neceffary  for  the  pra&ice  of  this 
fcience.  Thefe  fubftances  are  : 

All  metals  and  femi-metals,  which  ought  to  be  very  pure. 

Vitriolic  acid,  fome  of  which  ought  to  be  concentrated  and  rectified,  andalfo 
fome  of  that  fort  commonly  fold  by  druggifts. 

Aqua  fortis,  fuch  as  is  commonly  fold,  and  is  cheap;  alfo  fpirit  of  nitre 
modei ately  ftrong,  but  very  pure:  the  fame  acid  very  pure,  concentrated,  and 
fmoking. 

Common  fpirit  of  fait,  fome  of  the  fame  acid  very  pure,  very  ftrong,  and 
fmoking.  All  thefe  acids  ought  to  be  kept  in  cryftal  glafs  bottles,  and  clofed 
with  glafs  ftoppers. 
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Some  diftilled  vinegar,  which  may  be  kept  in  an  ordinary  bottle  ; Tome  radical 
vinegar,  which  ought  to  be  kept  in  a bottle  with  a glafs  ftopper;  Tome  cream  of 
tartar,  in  an  earthen  or  glafs  veflel,  or  in  a box. 

Common  fixed,  vegetable  alkali,  very  dry,  fuch  as  pot  afh,  which  muft  be 
‘kept  in  a well  clofed  bottle.  The  fame  alkali  in  a liquid  ftate. 

Very  pure  fait  of  tartar,  fome  dry,  and  fome  liquid. 

Mineral  alkali,  liquid  ; that  is,  a folution  of  foda.  The  fame  alkali  dry  and 
Very  pure ; that  is,  well  formed  cryftals  of  foda. 

The  two  fixed  alkalis  liquid,  and  rendered  cauftic  by  quick-lime.  Alkalis, 
particularly  thofe  which  are  cauftic,  ought  to  be  kept  in  bottles  with  glafs  ftop- 
pcrs.  Some  phlogifticated  fixed  alkali,  or  even  faturated,  fo  as  to  be  fit  for 
making  Pruftian  blue. 

Some  dry  liver  of  fulphur  kept  in  a well  clofed  bottle.  The  fame  liquid. 
Some  common  fulphur. 

Very  pure  alkali  of  fal-ammoniac,  difengaged  by  a fixed  alkali,  fome  folid, 
and  fome  liquid,  kept  in  a bottle  with  a glafs  ftopper. 

Volatile  alkali  from  fal-ammoniac  difengaged  by  quick-lime,  as  ftrong  as  is 
poffible.  Some  of  this  may  be  kept  of  lefs  ftrength. 

Lime  water,  and  quick-lime,  in  well  clofed  bottles. 

The  pureft  and  higheft  rectified  fpirit  of  wine. 

Good  vitriolic  ether. 

Redtified  eflential  oil  of  turpentine  ; oil  of  olives ; foap. 

* Galls;  fyrup  of  violets;  tindlure  of  turnfol,  or  turnfol  in  rags;  fine  blue 
paper ; river  or  diftilled  rain-water. 

Befides  thefe  fubftances,  moft  of  which  are  folvents,  certain  neutral  falts  ought 
to  be  had  which  are  frequently  ufed  in  chemical  operations,  or  are  difficultly  pre- 
pared. Thefe  are  : 

Vitriolated  tartar;  alum,  and  calcined  alum;  green  vitriol;  blue  vitriol; 
nitre;  decrepitated  common  fait;,  fome  of  the  fame  lalt  very  pure,  diflolved  in 
diftilled  water ; purified  fal-ammoniac  ; calcined  borax  ; fedative  fait. 

A pure  folution  offiiver  in  fpirit  of  nitre;  a folution  of  mercury  in  the  fame 
acid;  butter  of  antimony.  All  thefe  to  be  kept  in  bottles  with  glafs  ftoppers. 
Corrofive  fublimate. 

Cerufs;  fetharge;  minium;  fand  wafhed  and  ground;  white  marble;  wafhed 
chalk  ; glafs  of  lead;  glafs  of  borax. 

A perlbn  provided  with  the  above-mentipned  inftruments  and  fubftances 
may  at  once  perform  any  chemical  experiment.  He  may  indeed  occafionally 
want  feveral  neutral  falts  which  have  not  been  named  ; but  all  thefe  falts  with 
bafes  of  earths,  metals,  fixed,  or  volatile  alkalis,  may  be  eafily  and  inftantly  pre- 
pared, as  moft  of  them  do  not  require  diftiliation  or  fublimation.  They  may 
neverthelefs,  if  they  are  not  too  numerous,  be  all  previoufly  prepared  and  kept 
ready  for  any  occasion. 

The  general  oblervations  of  Macquer  upon  the  conducing  of  chemical  pro- 
cefles  are  truly  valuable  and  judicious.  Method,  order,  and  cleanlinefs,  are 
often  dally  neceflary  in  a chemical  laboratory.  Every  veflel  and  utenfil  ought  to 
be  well  cleanfed  as  often  as  it  is  ufed,  and  put  again  into  its  place : infcriptions 
ought  to  be  fattened  upon  all- the  fubftances.  Thefe  cares,  which  feem  to  be 
trifling,  are  however  very  fatiguing  and  tedious;  but  they  alfo  are  very  impor- 
tant, though  frequently  little  obferved.  When  a perfon  is  keenly  engaged,  ex- 
periments fucceed  each  other  quickly ; fome  feem  nearly  to  decide  the  matter, 
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and  others  fuggeft  new  ideas:  he  cannot  but  proceed  to  them  immediately,  and 
he  is  led  from  one  to  another  he  thinks  he  fhall  eafily  know  again  the' products 
of  the  flrft  experiments,  and  therefore,  he  does  not  take  time  to  put  them  in 
order  : he  profecutes  with  eagernefs  the  experiments  which  he  has  laft  thought 
of;  and  in  the  mean  time,  the  veffels  employed,  the  glaffes  and  bottles  filled, 
fo  accumulate,  that  he  cannot  any  longer  diftinguifh  them  ; or  at  lead,  he  is  un- 
certain concerning  many  of  his  former  produ&s.  This  evil  is  increafed  if  a new 
feries  of  operations  fucceed,  and  occupy  all  the  laboratory  ; or  if  be  is  obliged  ter 
quit  it  for  fome  time  : every  thing  then  goes  into  eonfufion.  Thence  it  fre- 
quently happens  that  he  lofes  the  fruits  of  much  labour,,  and  that  he  mud  throw 
away  almoft  all  the  produfls  of  his  experiments. 

The  only  method  of  avoiding  tliefe  inconveniences  is  to  employ  the  cares  and* 
attentions  above-mentioned.  It  is  indeed  diiagreeabfe  to  flop  continually  in  the 
middle  of. the  mofl  interefting  refearches,  and  to  employ  a very  precious  and  eon- 
fiderable  time  in  cleaning  veffels,  arranging  them,  faflening  inferiptions  on  them, 
&zc.  Thefe  employments  are  capable  of  cooling  or  retarding  the  progrefs  of 
genius.,  and  are  tedious  and  difguflfulj  but  they  are  neverthelefs  neeeflary.’ 
Thofe  perfons  whofe  fortune  enables  them  to  have  an  affiflant  operator,  on  vvhofe; 
exablnefs  and  intelligence  they  can  depend,  avoid  many  of  thefe  difagreeable 
circumflances ; but  they  ought  neverthelefs  to  attend  to  the  execution  of  thefe 
things.  We  cannot  depend  too  much  on  ourfelves  in  thefe  matters,  however 
minute,  on  account  of  their  confequences.  This  becomes  even  indifpenfable 
when  the  experiments  are  to  be  kept  fecrer,  at  leaft  for  a time  ; which  is  often, 
neceffary  in  chemiflry. 

When  new  refearches  and  inquiries  are  made,  the  mixtures,  refults,  and  pro- 
dudls  of  all  the  operations  ought  to  be  kept  a long  time,-  diftin&ly  labelled  and. 
iegiftered ; for  thefe  things,  when  kept  fome  time,  frequently  prefent  phenomena. 
that  were  not  at  all  fufpedted.  Many  fine  difeoveries  in  chemiflry  have  been-, 
made  in  this  manner,  and  many  have  certainly  been  loft  by  throwing  away  too* 
haflily,  or  negleding  the  produds. 

It  cannot  be  too  much  recommended  to  chemical  operators  to  be  exceedingly 
upon  their  guard  againft  impoffng  and  deceitful  experiments,  which  frequently 
prefent  themfelves  in  pradice.  A circumftance  feemingly  unimportant,  or  nor 
eafily  perceptible,  is  frequently  fuffreient  to  give  the  appearance  of  a great  dif- 
covery,  by  means  of  certain  effeds,  which,  neverthelefs,  are  found  to  proceed' 
from  fome  other  caufe.  Chemical  experiments  depend'  on  fo  many  acceflary 
things,  that  all  of  them  canfeldom  be  attended  to,  particularly  when  the  fubjedr 
is  new  : hence  we  frequently  find  that  very  different  refults  proceed  from  the 
fame  experiments,  and  at  different  times.  We  therefore  muft  not  decide  after 
the  firft  fuccefs;  but  the  experiment  mufl  be  repeated  feveral  times,  and  even 
varied,  till  no  doubt  can  remain. 

Since  chemiflry  offers  many  views  for  the  improvement  of  many  important 
arts ; as  it  prefents  profpeds  of  many  ufeful  and  profitable  difeoveries-;  thofe 
who  apply  their  labours  in  this  way  ought  to  be  exceedingly  cireumfped1  not  to 
be  led  into  an  ufelefs  expence  of  money  and  time.  Thofe  refearches  which  have 
fome  analogy  with  the  philofopher’s  flone,  from  the  hopes  of  wealth  which  they 
fuggeft,  ate  alfo  attended  with  fimiPar  danger.  In  a certain  fet  of  experiments 
fome  one  is  generally  of  an  impofmg.appearance,  although  in  realty  it  be  nothing 
more.  Chemiflry  is  full  of  thefe  half  fuccefles,  which  ferve  only  to  deceive  the 
unwary  3 to  multiply  the  number  of  trials,  and  to  lead  to  great  expence  before 
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the  fruitleflnefs  of  the  fearch  be  d'ifcovered.  By  thefe  reflections  we  do  not  in- 
tend to  divert  from  all  fuch  refearches  thofe  wliofe  tafte  and  talents  render  them 
fit  for  them  ; on  the  contrary,  we  acknowledge  that  the  improvement  of  the  arts, 
and  the  difeovery  of  new  objects  of  manufa&ure  and  commerce,  are  undoubtedly 
the  fineft  and  moft  interefting  part  of  chemiftry,  and  which  make  that  fcience 
truly  valuable ; for  without  thefe  ends  what  would  chemiftry  be  but  a fciencc 
purely  theoretical,  and  capable  of  employing  only  fome  abftradl  and  fpeculative 
minds,  but  ufelefs  to  fociety  ? We  acknowledge  alfo,  that  the  fuccefles  in  this 
kind  of  chemical  inquiry  are  not  rare ; and  that  their  authors  have  fometimes  ac- 
quired fortunes,  fo  much  the  more  honourable  as  being  the  fruits  of  their  talents 
and  induftry.  But  we  repeat,  that,  in  thefe  refearches,  the  more  dazzling  and 
near  any  fuccefs  appears,  the  more  circumfpedtion,  and  even  diftruft  is  neceffary. 
See  Analysis,  Apparatus,  Attraction,  Balance,  Blow  Pipe,  Forge 
Furnace. 

LABRADOR  STONE.  A beautiful  (lone  from  the  coaft  of  Labrador.  Tts 
colour  is  commonly  of  a light,  or  of  a deep  gray,  frequently  blackifh  ; but  when 
held  in  certain  portions  to  the  light,  it  exhibits  varieties  of  beautiful  internal 
colours,  chiefly  confifting  of  lhades  of  blue  and  green,  feldom  yellow,  in  fome 
parts  of  a copper  red,  and  violet.  Thefe  colours  have  for  the  moft:  part  a flaky 
©reported  appearance,  but  fometimes  they  lie  in  (tripes. 

Thefe  (tones  are  found  of  an  angular  form  in  pieces  of  confiderable  magnitude, 
their  fpecific  gravity  is  2.755,  their  frafture  is  laminated;  the  broken  parts  are 
rhomboidal,  and  femi-tranfparent.  In  other  refpedts  this  (tone  agrees  with  the 
felt  fpar,  but  is  fofter. 

LAC,  or  Lacca.  Is  a fubftance  well  known  in  Europe,  under  the  different 
appellations  of  ftick-lac,  (hell-lac,  and  feed-lac.  The  firft  is  the  lac  itfelf, 
which  is  a brown  femi-tranfparent  fubftance,  in  pretty  confiderable  lumps,  with 
woody  parts  adhering  to  it.  Seed-lac  is  the  (tick-lac  broken  in  pieces,  and  ap- 
pearing in  a granulated  form.  Shell-lac  is  the  fubftance  which  has  undergone  a 
Ample  purification. 

Lac  is  the  produdt  of  an  infett*,  which  depofits  its  eggs  on  the  branches  of  a 
tree  called  Bihar,  in  Adam,  a country  bordering  on  Thibet,  and  elfewhere  in 
India.  It  appears  defigned  to  anfwer  the  purpofe  of  defending  the  eggs  from 
injury,  and  affording  food  for  the  maggot  in  a more  advanced  ftate.  It  is  formed 
into  cells,  finilhed  with  as  much  art  and  regularity  as  an  honey-comb,  but  dif- 
ferently arranged ; and  the  inhabitants  collect  it  twice  a year,  in  the  months  of 
February  and  Auguft.  For  the  purification,  it  is  broken  into  fmall  pieces,  and 
put  into  a canvas  bag  of  about  four  feet  long,  and  not  above  fix  inches  in  cir- 
cumference. Two  of  thefe  bag6  are  in  conftant  ufe,  and  each  of  them  held  by 
two  men.  The  bag  is  placed  over  a fire,  and  frequently  turned,  till  the  lac  is 
liquid  enough  to  pafs  through  its  pores ; when  it  is  taken  off' the  fire,  and  twifted 
in  different  direflions  by  the  men  who  hold  it,  at  the  fame  time  dragging  it  along 
the  convex  part  of  a plantain  tree  prepared  for  that  purpofe;  and  while  this  is 
doing,  the  other  bag  is  heating,  to  be  treated  in  the  fame  way.  The  mucilagi- 
nous and  fmooth  furface  of  the  plantaiq  tree  prevents  its  adhering;  and  the  de- 
gree of  preflure  regulates  the  thicknefs  of  the  coating  of  lac,  at  the  fame  time  that 
the  finenefs  of  the  bag  determines  its  clearnefs  and  tranfparency. 

Lac  is  not  entitled  to  arrangement  either  with  oils,  refins,  or  gums.  It  is 
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not  foluble  either  in  water,  or  in  fat  oils.  Some  effential  oils  appear  to  extradl  a 
dilute  tindlure.  The  action  of  the  acids  upon  lac,  either  when  concentrated  or 
diluted,  does  not  feem  to  be  confiderable;  but  this  requires  more  particular  exa- 
mination ; efpecially  as  far  as  relates  to  the  nitrous  acid.  Ardent  fpirit  acts  but 
feebly  on  this  fubftance.  By  (landing  upon  it  in  the  cold,  it  forms  a clear 
tinfture,  apparently  by  diffolving  only  a part  of  its  principles ; but,  when  di- 
gefted  in  a moderate  heat,  the  whole  of  the  lac  unites  with  the  fpirit,  and  forms 
a turbid  mixture,  or  imperfedt  folution,  of  a gummy  appearance,  which  does 
not  afterwards  become  clear.  In  this  way,  however,  with  judicious  manage- 
ment, it  appears  pra£ticable_  to  form  a very  hard  opake  varnifh,  refembling  that 
of  China  or  Japan,  The  principal  ufe  of  lac  is  in  the  manufacturing  of  fealing- 
wax,  and  in  dyeing  fcarlet.  For  this  lad  purpofe,  half  a dram  of  powdered  com- 
frey  root  is  to  be  boiled  in  a quart  of  water  for  a quarter  of  an  hour,  and  fome 
powdered  gum  lac  digefted  in  the  decodlion  for  two  hours.  The  tindture  appears 
of  a fine  crimfon  colour ; and  the  remaining  lac*  if.  the  quantity  of  liquor  has 
been  fufficient,  is  of  a pale  draw  colour.  The  clear  tindlure  being  then  poured 
off,  and  a folution  of  alum  gradually  added,  the  colouring  matter  fubfides,  in 
the  form  of  one  of  the  powders  called  lakes,  which  amounts  to  about  one-fifth 
part  of  the  weight  of  the  lac.  This  fecula  is  diffolved  in  warm  water,  with  the 
addition  of  a proper  quantity  of  the  folution  of  tin  in  aqua  regia  : and  the  liquor* 
which  is  of  a fiery  red  colour,  is  then  to  be  poured  into  boiling  water,  impreg- 
nated with  fait  of  tartar,  or  the  mild  fixed  vegetable  alkali.  The  bath,  thus 
formed,  is  a good  fcarlet  dye  for  woollens,  though  lefs  lively  than  that  of  co- 
chineal. 

LACQUER.  See  Varnish. 

LAKE.  This  term  is  ufed  to  denote  a fpecies  of  colours  formed  by'  com- 
bining the  earth  of  alum,  or  calx  of  tin,  with  the  colouring  matter  of  certain 
vegetables.  The  principal  lakes  are,  Carmine,  Florence-lake,  and  lake  from 
Madder. 

For  the  preparation  of  Carmine , four  ounces  of  finely  pulverized  cochineal  are 
to  be  poured  into  four  or  fix  quarts  of  rain  or  diddled  water,  that  has  been  pre- 
vioufly  boiled  in  a pewter  kettle,  and  boiled  with  it  for  the  fpace  of  fix  minutes 
longer;  (fome  advife  to  add,  during  the  boiling,  two  drachms  of  pulverized 
cryilais  of  tartar).  Eight  fcruples  of  Roman  alum  in  powder,  are  then  to  Jae 
added,  and  the  whole  kept  upon  the  fire  one  minute  longer.  As  foon  as  the 
grofs  powder  has  fubfided  to  the  bottom,  and  the  decodtion  is  become  clear,  this 
latter  is  to  be  carefully  decanted  into  large  cylindrical  g'laffes  covered  over,  and 
kept  undifturbed,  till  a fine  powder  is  obferved  to  have  fettled  at  the  bottom. 
The  fuperincumbent  liquor  is  then  to  be  poured  off  from  this  powder,  and  the 
powder  gradually  dried.  From  the  decanted  liquor,  which  is  dill  much  co- 
loured, the  reft  of  the  colouring  matter  may  be  feparated  by  means  of  the  folu- 
tion of  tin,  when  it  yields  a carmine  little  inferior  to  the  other. 

For  the  preparation  of  Florentine  lake,  the  fediment  of  cochineal  that  remained 
in  the  kettle,  may  be  boiled  with  the  requifite  quantity  of  water,  and  the  red 
liquor  likewife  that  remained  after  the  preparation  of  the  carmine,  mixed  with  it, 
and  the  whole  precipitated  with  the  folution  of  tin.  The  red  precipitate  muft  be 
frequently  edulcorated  with  water.  Exclufively  of  this,  two  ounces  of  freftv 
cochineal,  and  one  of  cryftals  of  tartar,  are  to  be  boiled  with  a fufficient  quan- 
tity of  water,  poured  off  clear,  and  precipitated  with  a folution  of  tin,  and  the 
precipitate  waftied.  At  the  fame  time  two  pounds  of  alum  are  alfo  to  be  diffolved 
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in  water,  precipitated  with  a lixivium  of  pot-alh,  and  the  white  earth  repeatedly 
wafhed  with  boiling  water.  Finally,  both, precipitates  are  to  be  mixed  together 
in  their  liquid  ftate,  put  upon  a filter,  “and  dried.  For  the  preparation  of  a 
cheaper  fort,  inftead  of  cochineal,  one  pound  of  Brazil  wood  may  be  employed 
in  the  preceding  manner. 

Madder  lake,  which  was  mentioned  long  ago  by  Neri,  and  has  been  fince  dif- 
covered  afrefh  by  MargrafF,  is  made  by  diflolving  two  ounces  of  Roman  alum 
in  fix  pounds  of  boiling  water,  and  to  this  adding  two  ounces  of  fine  madder, 
with  which  the  water  is  differed  to  boil  once  or  twice  more,  and,  then  to  Hand  for 
fome  time  in  digeftion.  The  decotftion  being  afterwards  filtered,  a folution  of 
alkali  is  to  be  mixed  with  it  till  no  farther  precipitation  enfues, 

LAMP.  See  Light. 

LAMP  BLACK.  When  the  parts  of  organized  fubftances  which  are  of  an 
inflammable  nature  are  burning  under  circumftances  wherein  a complete  corn- 
bullion  does  not  take  place,  part  of  the  coaly  matter  is  carried  up  through  the 
flame,  and  forms  foot.  Common  foot  contains  other  matters  befides  charcoal : 
but  the  foot  of  oily  fubftances  is  confiderably  pure.  The  fineft  lamp-black  is 
actually  produced  by  collecting  the  fmoke  from  a lamp  with  a long  wick,  which 
fupplies  more  oil  than  can  be  perfectly  confumed,  or  by  differing  the  flame  to 
play  againft  a metalline  cover,  which  impedes  the  combuftion  not  only  by  con- 
ducting off  part  of  the  heat,  but  by  obftruCting  the  current  of  air.  Lamp-black, 
however,  is  prepared  in  a much  cheaper  way,  for  the  demands  of  trade.  The 
dregs  which  remain  after  the  eliquation  of  pitch,  or  elfe  frnall  pieces  of  fir-wood, 
are  burned  in  furnaces  of  a peculiar  conftruCtion,  the  fmoke  of  which  is  made 
to  pafs  through  a long  horizontal  flue,  terminating  in  a clofe  boarded  chamber. 
The  roof  of  this  chamber  is  made  ^)f  coarfe  cloth,  through  which  the  current  of 
air  efcapes,  whi  e the  foot  remains  behind.  See  Light. 

LAPIS  HEP AT1CUS.  A ftone  of  a white,  grey,  yellow,  brown,  or  black 
colour;  it  is  genera’ly  compact,  but  not  fo  hard  as  to  give  fire  with  fteel ; of  a 
texture  either  equable  or  laminar,  fcaly  or  fparry,  and  which  takes  a polifli  a3 
alabafter. 

It  does  not  effervefce  with  acids.  When  calcined,  it  is  partially  reduced  to  a 
fort  of  Plaifter  of  Paris.  It  emits  a fmell  of  hepar  fulphuris,  at  leaft  when 
rubbed.  According  to  Bergman,  ioo  parts  of  it  afford  33  of  barofelenite,  38 
offilcx,  22  of  alum,  7 of  gypfum,  and  5 of  mineral  oil.  The  increafe  proceeds 
from  the  water  of  cryftallization. 

LAPIS  INFERN  ALIS.  See  Infernal  Stone. 

LAPIS  LAZULI.  The  colour  of  this  ftone  is  a beautiful  opake  blue,  w'hich 
varies  a little  in  intenfity,  and  is  generally  fprinkled  over  with  yellow,  bright, 
pyritaceous  fpecks  or  ftreaks : it  obftinately  retains  its  colour  in  a ftrong  heat, 
which  diftinguifhCs  it  from  other  blue  ftones : it  is  of  an  equable  or  very  fine 
granular  texture,  and  takes  a beautiful  polifh  : its  fpecific  gravity  is  3.054. 

If  powdered  and  not  calcined,  it  effervefces  very  flightly  with  acids  ; but  if 
calcined,  it  does  not  effervefce,  but  becomes  gelatinous. 

In  aftrongfire  it  melts  without  addition  intoa  whitilh  glafs.  From  the  expe- 
riments of  Cronftedt  and  Margraff  this  ftone  does  not  appear  to  contain  copper. 
The  latter  found  lime,  vitriolic  acid,  iron,  and  flex ; Rinman  has  fince  dif- 
covered  it  to  contain  the  acid  of  fpar.  If  the  colour  be  owing  to  the  iron,  we 
are  ftill  unacquainted  with  the  modification  by  which  it  remains  permanent  in  a 
ftrong  heat. 
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LAPIS  LYDIUS.  A variety  of  the  trapp  of  the  Swedes;  its  colour  is 
black,  and  it  is  well  known  by  the  name  of  the  touch-ftone.  The  black  bafaltes, 
fiom  which  this  (done  fcarcely  differs  in  its  component  parts,  is  ufed  for  the  fame 
purpofe.  See  Assay. 

LAPIS  NEPHRITICUS.  See  Jade. 

LAPIS  OBSIDIANUS.  The  lapis  obfidianus  of  Pliny  appears  to  have 
been  a volcanic  produd,  refembling  the  black  bafaltes,  but  in  a higher  ftate  of 
vitrification- 

LAPIS  OLLARIS,  or  foap  rock.  A done  of  the  magnefian  genus,  of  a 
yellow  colour,  fometimes  whitifh,  and  but  rarely  black.  It  is  eafily  wrought  and 
turned,  fo  that  pots  and  mortars  are  often  made  of  it. 

LAPIS  SPECULARIS.  A name  given  to  the  tranfparent  gypfeous  fpar, 
or  combination  of  vitriolic  acid  and  lime. 

LAPIS  SUILLUS.  See  Lapis  Hepaticus. 

LAVA.  See  Volcanic  Products. 

LAUDANUM.  See  Opium. 

LAZULI,  LAPIS.  See  Lapis  Lazuli. 

LEAD.  Is  a white  metal,  of  a confiderably  blue  tinge,  very  foft  and 
flexible,  not  very  tenacious,  and  confequently  incapable  of  being  drawn  into 
fine  wire,  though  it  is  eafily  extended  into  thin  plates  under  the  hammer.  Its 
weight  is  very  confiderable,  being  rather  greater  than  that  of  fiver.  Long  be- 
fore ignition,  namely  at  about  the  540th  degree  of  Fahrenheit’s  thermometer, 
it  melts;  and  then  begins  to  be  calcined,  if  refpirable  air  be  prefent.  Inaftrong 
heat  it  boils,  and  emits  fumes;  during  which  time,  if  expofed  to  the  air,  its 
calcination  proceeds  with  confiderable  rapidity.  If  melted  lead  be  poured  into 
a box  previoully  rubbed  with  chalk  to  prevent  its  adion  on  the  wood,  and  be 
continually  agitated,  it  will  concrete  into  feparate  grains,  of  confiderable  ufe  in 
various  mechanical  operations,  particularly  that  of  weighing.  Lead  is  brittle  at 
the  time  of  congelation.  In  this  ftate  it  may  be  broken  to  pieces  with  a hammer, 
and  the  cryftallization  of  its  internal  parts  will  exhibit  an  arrangement  in  paral- 
lel lines. 

This  metal,  during  the  progrefs  of  heat,  firft  becomes  converted  into  a dufky 
powder,  which  by  a continuation  of  the  heat  becomes  white,  yellow,  and  after- 
wards of  a bright-red,  inclining  to  orange  colour,  called  minium,  or  red  lead. 
The  procefs  requires  confiderable  management  with  regard  to  the  heat,  and 
accefs  of  the  air  in  the  making  of  red  lead.  Many  days  are  required  for  this 
purpofe.  If  the  heat  be  too  great  or  rapid,  the  lead  becomes  converted  into  a 
■flaky  fubftance,  called  litharge;  and  a ftill  greater  heat  converts  it  into  a clear, 
tranfparent,  yellow  glafs,  which  powerfully  diffolves  and  corrodes  metallic  calces 
or  earths;  and  on  this  account  it  ufually  finds  its  way  through  the  crucibles  in  a 
ihort  time.  It  a<5ts  more  difficultly  on  argillaceous  than  on  filiceous  earths; 
whence  it  is  found,  that  veffels  made  of  clay  mixed  with  broken  pottery,  are 
preferable  to  thofe  that  are  compofed  of  clay  and  fand.  The  calx  of  lead 
is  a principal  ingredient  in  molt  of  the  modern  fine  white  glaffes.  It  is 
more  particularly  calculated  to  form  the  denfe  glafs  ufed  to  correct  the  aber- 
ration arifing  from  colour  in  thofe  telefcopes,  which  are  known  by  the  name 
of  achromatic;  becaufe  it  communicates  the  property  of  feparating  the  coloured 
rays  from  each  other,  in  greater  angles  than  obtained  in  alkaline  glaffes  at 
equal  angles  of  mean  refraCtion.  See  Achromatic,  alfoGLASs.  The  imper- 
fection which  molt  confiderably  affeCts  this  kind  of  glafs  is,  that  its  denfity  is 
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feldom  uniform  throughout.  The  irregularities  fhew  themfelves  in  the  form  of 
veins,  which  greatly  difturb  the  regular  refradtion. 

Lead  is  not  much  altered  by  expofure  to  air  or  water,  though  the  bright- 
nefs  of  its  furface,  when  cut  or  (craped,  very  foon  goes  off.  It  is  probable 
that  a thin  ftratum  of  calx  is  formed  on  the  furface,.  which,  defends  the  reft 
of  the  metal  from  corrofion. 

Molt  of  the  acids  attack  lead.  The  vitriolic  acid  does  not  aft  upon  it,  unlefs 
it  be  concentrated  and  boiling.  Vitriolic  acid  air  efcapes  during  this  procefs,. 
and  the  acid  is  decompofed.  When  the  di  (filiation  is  carried  on  to  drynefs,  a 
faline  white  mafs  remains,  a fmall  portion  of  which  is  foluble  in  water,  and  is 
the  vitriol  of  lead:  i:  affords  cryftals.  The  refidue  of  the  white  mafs  is  a calx 
of  lead. 

Nitrous  acid  aids  ftrongly  on  lead,  and  converts  it  into  a white  calx,  if  the  acicf 
be  concentrated  ; but  if  it  be  more  diluted,  the  calx  is  diffolved,  and  forms  a 
a nitre  of  lead  which  is  cryftallizablc,  and  does  not  afford  a precipitate  by  cooling. 
It  detonates  on  ignited  coals.  Lime  at  d alkalis  decompofe  the  nitrous  folution 
of  lead.  The  vitriolic  acidaddedto  this  folution  combines  with  the  metallic  calx, 
and  falls  down.  The  marine  acid  in  the  fame  manner  carries  down  the  lead, 
and  forms  a combination  called  plumbum  corneum,  which  is  more  foluble  in 
water  than  the  horn  filver. 

Marine  acid  ads  diredly  on  lead  by  heat,  which  it  calcines,  and  diffolves 
part  of  its  calx.  The  marine  fait  of  lead  is  cryflallizable. 

The  acetous  acid  diffolves  lead  and  its  calces;  though  probably  the  accefs  of 
air  may  be  neceflary  to  the  folution  of  the  metal  itfelf  in  this  acid.  White  lead, 
orterufe,  is  made  by  rolling  leaden  plates  fpirally  up,  fo  as  to  leave  the  fpace  of 
about  an  inch  between  each  coil,  and  placing  them  vertically  in  earthen  pots,  at 
the  bottom  of  which  is  fome  good  vinegar.  The  pots  are  to  be  covered,  and 
expofed  for  a length  of  time  to  a gentle  heat  in  a fand  bath,  or  by  bedding  them 
in  dung.  The  vapour  of  the  vinegar,  affifted  by  the  tendency  of  the  lead  to 
combine  with  the  pure  part  of  the  air  which  is  prefenr,  corrodes  the  lead,  and 
converts  the  external  portion  into  a white  calx,  which  comes  offfin  flakes,  when 
the  lead  is  uncoiled.  The  plates  are  thus  treated  repeatedly  until  they  are  cor- 
roded through.  Cerufe  is  the  only  white  fubftance  ufed  in  oil-  paintings.  It 
may  be  diffolved  without  difficulty  in  the  acetous  acid,  and  affords  a cryflallizable 
fait,  called  fugar  of  lead  from  its  fweet  tafte.  This,  like  ail  the  preparations  of 
lead,  is  a molt  deadly  poifon. 

Liver  of  fulphur  precipitates  lead  from  its  folutions,  the  fulphur  falling 
down  in  combination  with  the  lead.  Pure  alkaline  folutions  dilfolve  a fmall 
portion  of  lead,  and  corrode  a confxderable  quantity:  the  folution  is  faid  to  give 
a black  colour  to  the  hair. 

Oils  diffolve  the  calces  of  lead,  and  become  thick  and  confident;  in  which 
date  they  are  ufed  as  the  balis  of  plafters,  cements  for  water  works,  paintss 

&c. 

In  the  dry  way,  lead  alone  is  calcined  and  vitrified.  When  fufed  with  fixed 
alkaline  falts,  it  is  converted  into  a dark-coloured  fcoria,  partly  foluble  in  water. 
The  neutral  falts  in  general  are  not  aided  upon  by  lead.,  Nitre  calcines  this 
metal  when  treated  with  it,  though  fcarcely  any  commotion*  or  apparent  flame  is 
produced  by  its  atdion.  Sulphur  readily  difl'olves  it  in  the  dry  way,  and  pro- 
duces a brittle  compound,  of  a deep  gray  colour  and  brilliant  appearance, 
which  is  much  lefs  fufible  than  lead  itfelf,  a property  which  is  common  to  all  the 
combinations  of  fulphur  with  the  more  fufible  metals. 
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The  phofphoric  acid,  expofed  to  heat  together  with  charcoal  and  lead,  be- 
comes converted  into  phofphorus,  which  combines  with  the  metal.  This  com- 
bination does  not  greatly  differ  from  ordinary  lead;  it  is  malleable,  and  eafily  cut 
with  a knife  ; but  it  lofes  its  brilliancy  more  fpeedily  than  pure  lead;  and  when 
fufed  upon  charcoal  with  the  blow-pipe,  the  phofphorus  burns,  and  leaves  the 
lead  behind. 

Lead  decompofes  fal  ammoniac  by  the  afflftance  of  heat ; its  calces  unite  with 
the  marine  acid  of  that  fait  in  the  cold,  and  difengage  its  volatile  alkali.  When 
volatile  alkali  is  obtained  by  diflilling  fal  ammoniac  with  the  calces  of  lead,  the 
refidue  con  lifts  of  plumbum  corneum. 

Litharge  fufed  with  common  fait  decompofes  it ; the  lead  unites  with  the  marine 
acid,  and  forms  a yellow  compound,  at  prefent  ufed  in  this  country  as  a pigment, 
for  which  an  exclufive  privilege  has  been  granted.  The  alkali  either  floats  at 
top,  or  is  volatilized  by  the  heat,  if  ftrongly  urged.  The  fame  decompofition 
takes  place  in  the  humid  way,  if  common  fait  be  macerated  with  litharge;  and 
the  folution  will  contain  cauftic  alkali. 

Lead  unites  with  moft  of  the  metals.  Gold  and  filver  are  diffolved  by  it  in  a 
flight  red  heat.  Both  thefe  metals  are  faid  to  be  rendered  brittle  by  a fmall  ad- 
mixture of  lead,  though  lead  itfelf  is  rendered  more  du&ile  by  a fmall  quantity 
of  them.  Platina  forms  a brittle  compound  with  lead;  mercury  amalgamates 
with  it;  but  the  lead  is  feparated  from  the  mercury  by  agitation,  in  the  form  of 
an  impalpable  black  powder,  vital  air  being  at  the  fame  time  abforbed.  The 
prefence  of  vital  air  is  indifpenfably  neceflary  in  this,  procefs.  Copper  and  lead 
• do  not  unite  but  with  a ftrong  heat.  If  lead  be  heated  fo  as  to  boil  and  fmoke, 
it  foon  diffolves  pieces  of  copper  thrown  into  it ; the  mixture  when  cold  is  brittle. 
The  union  of  thefe  two  metals  is  remarkably  flight  ; for  upon  expofing  the  mafs 
to  a heat  no  greater  than  that  in  which  lead  melts,  the  lead  almoft  entirely  runs 
off  by  itfelf.  This  procefs,  which  is  peculiar  to  lead  with  copper,  is  called  eli- 
quation.  The  coarfer  forts  of  lead,  which  owe  their  britdenefs  and  granulated 
texture  to  an  admixture  of  copper,  throw  it  up  to  the  furface  on  being  melted  by 
a fmall  heat.  Iron  does  not  unite  with  lead,  as  long  as  both  fubftances  retain, 
■their  metallic  form.  Tin  unites  very  eafily  with  this  metal,  and  forms  a com- 
pound which  is  much  more  fuflble  than  lead  by  itfelf,  and  is  for  that  reafon  ufed 
as  a folder  for  lead.  Two  parts  of  lead  and  one  of  tin  form  an  alloy  more  fuflble 
than  either  metal  alone:  this  is  the  folder  of  the  plumbers.  Bifmuth  combines 
readily  with  lead,  and  affords  a metal  of  a fine  clofe  grain,  but  very  brittle.  A 
mixture  of  eight  parts  bifmuth,  five  lead,  and  three  tin,  will  melt  in  a heat 
which  is  not  fufficient  to  caufe  water  to  boil.  Regulus  of  antimony  forms  a 
brittle  alloy  with  lead.  Wolfram  unites  with  it  into  a fpungy  ductile  compound, 
which  fplits  into  leaves  when  hammered.  Nickel,  cobalt,  manganefe,  and  zinc, 
do  not  unite  with  lead  by  fufion. 

All  the  calces  of  lead  . are  very  eafily  revived.  Minium,  when  expofed  to  a 
.ftrong  heat,  gives  out  part  of  the  vital  air  it  abforbed  during  its  calcination; 
but,  like  the  other  calces  of  this  metal,  it  requires  the  addition  of  fome  com- 
buftible  fubftance  for  its  complete  revival.  A familiar  inftance  of  this  revival 
is  feen  by  expofing  the  common  wafers  to  the  flame  of  a candle.  Thefe  wafers 
are  coloured  with  minium,  which  is  revived  by  the  heat  and  inflammable  fub- 
ftance of  the  wafer,  fo  that  it  falls  down  in  metallic  globules. 

Lead  is  found  native,  though  feldom;  and  alfo  in  the  form  of  a calx,  called 
native  cerufe,  or  lead  ochre,  or  lead  fpar  of  various  colours,  red,  brown,  yellow, 
green,  blueifh,  and  black.  Thefe  ores,  when  freed  as  much  as  pofiible  from 
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earthy  matter,  may  be  difiolved  in  diluted  nitrous  acid.  Calx  of  iron  is  ufually 
thrown  down  from  the  folution  by  boiling.  If  the  lead  be  then  precipitated  by 
the  mild  mineral  alkali,  and  weighed,  132  grains  of  the  dry  precipitate  will  cor- 
refpond  with  too  grains  of  lead  in  the  metallic  ftate.  If  the  precipitate  be  fuf- 
pefted  to  contain  copper,  it  may  be  feparated  by  digefting  in  volatile  alkali.  If 
it  be  fuppofed  to  contain  filver  and  copper,  the  precipitate  may  again  bediffolved 
in  nitrous  acid,  and  feparated  by  the  addition  of  marine  acid  ; which  combining 
with  the  metal,  produces  luna  cornea,  and  plumbum  corneum ; the  latter  of 
which,  being  foluble  in  30  times  its  weight  of  boiling  water,  may  be  walhed 
off,  while  the  filver  remains  undiffolved;  or  the  filver,  if  alone  in  the  precipi- 
tate, may  be  taken  up  by  volatile  alkali,  which  will  leave  the  calx  of  lead  of  the 
fame  value  with  regard  to  weight  as  the  foregoing.  Lead  is  alfo  found  mine- 
ralized by  the  vitriolic  and  the  phofphoric  acids:  this  lad  is  cf  a greenifh 
colour,  arifing  from  a mixture  of  iron.  The  vitriol  of  lead  is  foluble  in  about 
18  times  its  weight  of  water.  One  hundred  and  forty-three  grains  of  the  dried 
fait  reprefent  100  grains  of  lead.  The  phofphoric  lead  ore  may  be  diffolved  in 
nitrous  acid  by  means  of  heat,  except  a few  particles  of  iron,  which  remain  at 
the  bottom.  By  the  addition  of  vitriolic  acid,  the  lead  is  thrown  down  in  the 
form  of  white  flakes  of  vitriol,  which  when  wafhed  and  dried,  difeover  the 
quantity  of  lead  they  contain,  by  the  fame  allowance  of  143  grains  of  the  fait 
to  100  grains  of  metallic  lead.  The  remaining  folution  being  evaporated  to 
drynefs,  affords  phofphoric  acid. 

Lead  is  abundantly  found  in  combination  with  fulphur,  in  the  form  of  heavy, 
fliining,  black,  or  biueifh  lead-coloured  cubical  maffes,  whofe  corners  are  ufually 
truncated ; its  texture  is  laminated,  and  its  hardnefs  variable.  This  is  called 
galina,  or  potters  lead  ore.  Mod  lead  ores  contain  more  or  lefs  of  filver.  When 
antimony  enters  into  its  compofition,  the  texture  is  radiated  or  filamentous. 
There  are  alfo  lead  pyrites,  which  contain  a confiderable  proportion  of  iron  and 
fulphur ; and  red  lead  fpar,  which  confifts  of  lead  mineralized  by  fulphur  and 
arfenic  ; this  is  very  fcarce. 

If  fulphurated  lead  be  boiled  in  nitrous  or  marine  acid  of  a moderate  ftrength, 
the  fulphur  maybe  obtained  pure,  and  collected  in  a filter.  When  iron  or  ftony 
particles  are  contained  among  the  undiffolved  part,  the  fulphur  may  be  feparated 
by  digeftion  in  a folution  of  cauftic  fixed  alkali,  which  converts  it  into  liver  of 
fulphur,  and  leaves  the  other  infoluble  matters  behind.  If  the  firft  folution  be 
made  with  nitrous  acid,  it  may  contain  filver  and  lead,  which,  after  the  precipi- 
tation by  mild  mineral  alkali,  may  be  feparated  by  the  volatile  alkali,  as  men- 
tioned in  the  humid  analyfis  of  the  calciform  ores : when  the  marine  acid  is  ufed 
for  the  folution  of  the  ore,  a large  quantity  of  plumbum  corneum  feparates,  for 
want  of  a fufficient  quantity  of  water  to  diffolve  it.  This  requifite  quantity  of 
water  muff  be  added  to  diffolve  the  fait,  before  the  precipitate  is  made  by  the 
fixed  alkali. 

All  the  ores  of  lead,  except  the  phofphoric,  are  reducible  to  the  metallic 
ftate,  by  diflipating  their  volatile  contents  by  the  blow-pipe  on  a piece  of  charcoal. 
In  the  large  way,  they  are  revived  by  fufion  with  charcoal. 

The  ores  of  this  metal  are  abundantly  found  in  the  mine  counties  of  England, 
and  in  various  other  parts  of  the  globe.  Its  ufes  are  numerous,  and  fcarcely  need 
be  mentioned.  Its  calces  have  been  already  mentioned  as  of  great  ufe,  as  a pig- 
ment, and  in  the  manufacture  of  glafs.  Lead  is  call  into  thin  fheets  for  cover- 
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ing  builcjings,  making  water,  pipes,  and  various  other  ufes ; and  this  is  rolled 
between  two  cylinders  of  iron,  to  give  it  the  requisite  uniformity  and  thinnefs. 
Lead  is  thought,  and  with  fome  reafon,  to  be  not  perfectly  innocent  even  for 
water  pipes,  and  much  lefs  for  any  other  kind  of  veffels.  The  workmen  in  any 
of  the  preparations  of  lead  are  generally  fubjedt  to  a peculiar  cholic,  and  paralytic 
diforders;  which  moft  probably1  arife  from  the  internal  ufe  of  the  metal : for  it  is  a 
fa6t  that  thefe  workmen  are  not  fufficiently  cautious  in  wafhing  their  hands,  or 
removing  fuch  particles  of  lead,  or  its  preparations,  as  may  cafually  intermix 
with  their  food. 

LEATHER.  The  fkins  of  animals  prepared  by  maceration  in  lime-water, 
and  afterwards  with  aftringent  fubftances.  See  Tanning. 

LEAVES  OF  PLANTS.  Lewis  found  * that  the  green  colour  of  the  leaves 
of  plants  is  extracted  by  rectified  fpirit,  and  by  oils.  The  fpirituous  tinftures 
are  generally  of  a fine  deep  green,  even  when  the  leaves  are  dull  coloured,  yel- 
lowifh,  or  hoary.  Thefe  colours  are  feldom  lafting  in  the  liquor.  Alkalis 
heighten  both  the  tinctures  and  the  green  juices.  Acids  weaken,  deftroy,  and 
change  it  to  a brownifh.  Lime-water  improves  both  the  colour  and  durability. 
By  means  of  lime,  not  inelegant  green  lakes  , are  procurable  from  the  leaves  of 
acanthus,  lily  of  the  valley,  and  feveral  other  plants. 

Few*  plants  communicate  any  part  of  their  green  colour  to  water,  and  perhaps 
none  that  give  a green  of  any  confiderable  intenfity.  It  is  faid,  however,  that 
the  leaves  of  fome  plants  give  a green  dye  to  woollen,  without  the  addition  of 
any  other  colouring  matter;  particularly  thofe  of  the  wild  chervil,-  or  cow- weed, 
the  common  rag-wort  and  devil’s  bit.  Lewis  gives  the  procefs  from  Linnseus  as 
pradtifed  by  the  peafants  in  Sweden  with  this  latt.  It  confifts  in  boiling  the  leaves 
with  their  woollen  yarn  for  a fhort  time,  and  leaving  the  whole  together  for  a 
night,  after  which  the  yarn  is  taken  out,  and  hung  in  the  fleam  of  the  liquid, 
again  made  to  boil  over  the  fire.  It  is  then  wrung,  the  leaves  are  taken  out  of 
the  liquor,  a little  frelh  water  added,  and  the  wool  frequently  dipped  therein  till 
fufficiently  dyed. 

Many  kinds  of  leaves  afford  a yellow  dye  to  woollens  previoufly  boiled  with 
alum  and  tartar,  weld  in  particular,  which  fee.  Indigo  and  woad  afford  blue. 
Lewis  tried,  without  fuccefs,  to  obtain  blues  by  macerating  the  leaves  of  other 
plants  in  water. 

LEES,  SOAP.  See  Alkali  fixed.  Alfo  Soap. 

LEMNIAN  EARTH.  See  Earth,  Fullers. 

LEMONS.  The  juice  of  lemons,  or  limes,  has  all  the  characters  of  an  acid 
of  confiderable  ftrength.  On  account  of  the  mucilaginous  matter  with  which  it 
is  mixed  in  its  firft  fiate,  it  is  very  foon  altered  by  fpontaneous  decompofition. 
Various  methods  have  been  contrived  to  prevent  this  effect  from  taking  place, 
in  order  that  this  wholefome  and  agreeable  acid  might  be  preferved  for  ufe  in 
long  voyages,  or  other  dotneftic  occafions.  The  juice  may  be  kept  in  bottles 
under  a thin  ftratum  of  oil,  which  indeed  prevents,  or  greatly  retards,  its  total 
decompofition;  though  the  original  frefh  tafte  foon  gives  place  to  one  which  is 
much  lefs  grateful.  In  the  Eaft  Indies  it  is  evaporated  to  the  confidence  of  a 
thick  extract.  If  this  operation  be  carefully  performed  by  a very  gentle  heat,  it 
is  found  to  be  very  effectual.  When  the  juice  is  thus  heated,  the  mucilage 
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thickens,  and  feparates  in  the  form  of  flocks ; part  of  which  fubfides,  and  part 
rifes  to  the  furface  : thefe  mufl  be  taken  out.  The  vapours  which  arife  are  not 
acid.  If  the  evaporation  be  not  carried  fo  far  as  to  deprive  the  liquid  of  its 
fluidity,  it  may  be  long  preferved  in  well  clofed  bottles ; in  which,  after  fome 
weeks  Handing,  a farther  portion  of  mucilage  is  feparated,  without  any  percep- 
tible change  in  the  acid. 

Of  all  the  methods  of  preferving  lemon  juice,  that  of  concentrating  it  by  rroll 
appears  to  be  the  beft ; though,  in  the  warmer  climates,  it  cannot  conveniently 
be  pradtifed.  Lemon  juice,  expofed  to  the  air  in  a temperature  of  between  50° 
and  60%  depoflts  in  a few  hours  a white  femi-tranfparent  mucilaginous  matter, 
which  leaves  the  fluid,  after  decantation  and  filtration,  much  lefs  alterable  than 
before.  This  mucilage  is  not  of  a gummy  nature,  but  refembles  the  gluten  of 
wheat  in  its  properties : it  is  not  foluble  in  water,  when  dried.  More  mucilage 
is  feparated  from  lemon  juice  by  Handing  in  clofed  veflels.  If  this  depurated 
lemon  juice  be  expofed  to  a degree  of  cold  of  about  feven  or  eight  degrees  below 
the  freezing  point,  the  aqueous  part  will  freeze,  and  the  ice  may  be  taken  away 
as  it  forms;  and  if  the  procefs  be  continued  until  the  ice  begins  to  exhibit  flgns 
of  acidity,  the  remaining  acid  will  be  found  to  be  reduced  to  about  one-eighth, 
of  its  original  quantity,  at  the  fame  time  that  its  acidity  will  be  eight  times  as 
intenfe;  as  is  proved  by  its  requiring  eight  times  the  quantity  of  alkali  to  faturate 
an  equal  portion  of  it.  This  concentrated  acid  may  be  kept  for  ufe;  or,  ilj  pre- 
ferred, it  may  be  made  into  a dry  lemonade,  by  adding  fix  times  its  weight  of 
fine  loaf  lugar  in  powder*. 

The  above  procefies  may  be  ufed  when  the  acid  of  lemons  is  wanted  for  do- 
mefiic  purpofes  j becaufe  they  leave  it  in  polTeffion  of  the  oils,  or  other  princi- 
ples, on  which  its  flavour  peculiarly  depends.  But  in  chemical  refearches, 
where  the  acid  itfelf  is  required  to  be  had  in  the  utmofl  purity,  a more  elaborate 
procefs  mufl  be  ufed.  Boiling  lemon  juice  is  to  be  faturated  with  powdered 
chalk,  whofe  weight  is  to  be  noted.  The  n'eutral  faline  compound  is  fcarcely 
more  foluble  in  water  than  felenite  : it  therefore  falls  to  the  bottom ; while  the 
mucilage  remains  fufpended  in  the  watery  fluid,  which  mufl  be  decanted  off. 
The  remaining  precipitate  mufl  then  be  wafhed  with  warm  water  until  it  comes 
off  clear.  To  the  powder,  thus  edulcorated,  a quantity  of  vitriolic  acid,  fuffi- 
cient  to  faturate  the  chalk,  and  diluted  with  ten  parts  of  water,  mufl  be  added,  and 
the  mixture  boiled  a few  minutes.  The  vitriolic  acid  combines  with  the  lime, 
and  forms  felenite,  which  remains  behind  when  the’ cold  liquor  is  filtered;  while- 
the  difengaged  acid  of  lemons  remains  diffolved  in  the  fluid.  This  lafl  mufl  be 
evaporated,  to  the  confiflence  of  a thin  fyr.up;  and  vitriolic  acid  mufl  then  be 
added  in  fmall  portions,  to  precipitate  the  lime,  if  any  fhould  Hill  remain  in 
combination  with  acid  of  lemons.  When  no  more  precipitate  is  afforded  by  the 
addition  of  vitriolic  acid,  a farther  evaporation  feparates  the  pure  acid  of  lemons 
in  cryflals.  It  is  neceflary  that  the  vitriolic  acid  lafl  added  fhould  be  rather  in 
excefs;  becaufe  the  prefence  of  a fmall  quantity  of  lime  will  prevent  the  cryflalli- 
zation.  This  excefs  will  be  found  in  the  mother  waterf. 

The  concrete  acid  of  lemons  remains  confident  in  the  air,  is  very  foluble  in 
water,  and  exhibits  flrong  acid  properties.  Its  watery  folution  is  decompofed  by 
a flow  putrefadtion.  It  unites  with  the  .alkalis  and  earths,  filex  excepted ; and 

* Georgius,  quoted  by  Fourcroy,  iv.  33. 

+ Schede’s  Effays,  Eng.  tranflation,  p.  361  ; or  Crell’s  Journal  for  1784. 
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forms  peculiar  neutral  falts,  which  have  not  yet  been  much  examined.  Several 
of  the  metallic  fubftances  are  likevvife  aded  upon  by  it ; and  it  would  probably 
diflolve  all  their  calces. 

LEV1GATION.  The  mechanical  procefs  of  grinding  the  parts  of  bodies  to 
a fine  pafte,  by  rubbing  the  flat  face  of  a (lone  called  the  muller  upon  a table  or 
flab  called  the  ftone.  Some  fluid  is  always  added  in  this  procefs,  which  circum- 
fiance,  together  with  the  difference  of  the  inflruments,  appears  to  conflitute  the 
diftindion  between  this  procefs  and  trituration,  which  laftis  performed  in  a mor- 
tar upon  powder,  either  dry  or  wetted.  The  advantage  of  levigation  with  a 
flone  and  muller,  beyond  that  of  triturating  in  a mortar,  is,  that  the  materials 
can  more  eafily  be  fcraped  together,  and  fubjeded  to  the  adion  of  the  muller,  than 
in  the  other  cafe  to  that  of  the  peftle. 

LIGHT.  Philofophers  are  not  agreed  as  to  the  independent  exiflence  of 
light,  or  the  caufe  by  which  we  fee;  that  is  to  fay,  whether  light  be  a body,  or 
a property.  If  light  be  a body,  it  mull  confifl  of  particles  of  extreme  minute- 
nefs,  projeded  with  a very  great  degree  of  velocity  from  luminous  bodies;  if  on 
the  other  hand  light  be  nothing  more  than  a modification  or  property,  it  mull 
fhbfift  in  fome  other  matter  univerfally  diffufed  through  every  part  of  known 
fpace.  The  philofophers  who  maintain  this  laft  opinion,  confider  the  univerfe  to 
be  occupied  by  a fluid  of  extreme  rarity  and  elafticity,  permeating  all  bodies ; 
the  undulations  of  which,  tranfmitted  in  all  diredions,  from  the  luminous  body, 
or  exciting  caufe,  produce  the  fenfation  and  other  effeds  of  light.  Though  much 
ingenious  reafoning  has  been  employed  on  this  fubjed,  we  have  not  obtained 
pofl'effion  of  any  decifive  fads;  but  each  hypothefis  may  without  inconfiftency  be 
applied  to  every  natural  appearance  hitherto  obferved.  It  is  difficult,  however,  to 
fpeak  of  thefe  fads,  without  confidering  light  according  to  one  or  the  other  of  thefe 
fuppofitions.  This  is  not  the  place  for  difcuffing  their  refpedive  merits.  I lhall 
therefore  afllime  the  hypothefis  which  admits  of  the  independent  exiflence  of 
light,  not  only  becaufe  it  is  more  generally  admitted  and  known,  but  becaufe 
it  appears  beft  calculated  to  explain  fome  of  the  appearances,  more  efpecially  the 
various  refrangibility  of  the  rays  of  light. 

It  is  obferved  that  whenever  light  pafles  through  a fpace  occupied  by  a medium 
of  uniform  denfity,  it  defcribes  a right  line.  Thefe  lines,  or  rather  prifms,  are 
called  the  rays  of  light.  They  rebound,  or  are  refleded  by  bodies  againft  which 
they  flrike.  It  is  fufficiently  afcertained  that  this  refledion  is  caufed  by  a re- 
pulfive  power  in  the  body  itfelf,  exerted  at  a confiderable  diftance;  fo  that  the 
light  is  driven  back  without  coming  into  contad  with  the  matter  which  repels  it. 
When  light  is  made  to  pafs  near  a body  in  fuch  a diredion,  or  under  fuch  cir- 
cumftances,  as  that  it  may  come  nearer  than  the  limit  of  repulfion,  it  is  attracted, 
and  alters  its  courfe  by  deviating  towards  the  attrading  body.  If  the  body  pol- 
fefs  a very  narrow  furface,  fuch  for  example  as  the  edge  of  a knife,  this  deviation 
in  the  ray  of  light  may  be  meafured  by  attending  to  the  courfe  of  the  ray  after  it 
has  palled  the  body.  But  if  the  furface  be  broader,  the  atcradive  power  ufually 
caufes  the  light  to  pafs  into  the  body,  where  it  is  abforbed  and  loft,  if  the  body 
be  opaque,  or  pafles  through,  if  the  body  be  tranfparent.  The  change  pro- 
duced in  the  courfe  of  a ray  of  light,  by  the  attradion  of  a body  into  which  the. 
light  does  not  enter,  is  called  inflexion ; but  when  the  light  does  enter  the  body, 
this  change  is  called  refradion.  It  is  found  that  the  light  of  the  fun  from  which 
we  derive  the  fenfation  of  whitenefs  is  compofed  of  an  admixture  of  rays  pofleffing 
the  property  of  exciting  fenfations  of  every  poffible  colour,  each. according  to  i:s 
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refpedtive  nature.  The  attractive  and  repulfive  powers  of  bodies  differ  in  their 
intenfities  with  regard  to  thefe  feveral  rays,  and  accordingly  they  are  feparated 
from  each  other  by  reflection,  refraction,  or  inflection.  A like  reparation  is  alfo 
made  in  the  rays  of  light  by  the  ihicknefs  or  diftance  between  the  two  furfaces  of 
the  medium  through  which  they  pafs.  It  is  more  particularly  obfervable  in  thin 
plates  of  glafs,  or  water  blown  into  bubbles,  and  the  like.  The  colours  of  bo- 
dies depend  on  a power  poflefled  by  them  of  reflecting  fome  of  the  rays  of  light, 
and  absorbing  others,  and  this  power  in  all  probability  depends  upon  the  princi- 
ples here  fketched  our. 

The  velocity  of  light  is  fo  extremely  great,  that  in  all  common  experiments 
it  appears  to  be  inftantaneous.  Aftronomers  have  neverthelefs  found  that  its 
progrefs  acrofs  the  regions  occupied  by  the  folar  fyftem  requires  fo  much  time, 
that  in  computing  the  eclipfes  of  Jupiter’s  moons,  they  are  under  the  neceflity  of 
making  an  allowance  for  the  greater  or  lefs  diftance  of  that  planet,  which  occa- 
fions  the  time  of  any  eclipfe  to  be  later  when  feen  from  a greater  diftance  than  from 
a lefs.  Other  obfervations  upon  the  fixed  ftars  fhew  that  there  is  a fenfible  pro- 
portion between  the  velocity  of  light,  and  that  of  the  earth  in  its  annual  orbit. 
From  thefe  acute  inveftigations,  it  is  deduced  that  light  paffes  from  the  fun  to 
the  earth  in  little  more  than  eight  minutes,  which  gives  a velocity  of  about 
167000  geographical  miles  in  one  fecond. 

Optical  writers  may  be  confulted  for  a great  number  of  curious  and  ufeful 
deductions  made  from  thefe  principles,  and  applied  to  the  dodlrineof  vifion,  the 
nature  of  colours,,  the  conftrudtion  of  mirrors,  relefcopes,  and  other  inftruments, 
not  immediately  within  the  province  of  chemiftry. 

Light  comes  to  our  eyes  under  fix  different  circumftances.  1.  It  is  emitted 
from  bodies  in  a rapid  ftate  of  combuftion : or,  2.  from  other  bodies  at  an  ele- 
vated temperature,  which  are  then  faid  to  be  ignited.  3.  It  alfo  comes  to  us  by 
4,  refledlion;  or  5,  refradfion:  and  6,  there  are  very  few  bodies  which  being 
expofed  to  a ftrong  light,  and  afterwards  taken  into  the  dark,  do  not  remain 
luminous  for  a confiderable  time.  Hence  it  feems  that  we  experimentally  know 
of  no  other  fource  of  light,  than  combuftion  ; and  from  this  fadt  it  is  that  many 
writers  have  conlidered  fire,  heat  and  light,  to  be  the  fame  thing.  But  thefe  objedls 
differ  in  various  remarkable  particulars.  The  heat  of  a fire  is  by  no  means  pro- 
portional to  the  light  it  gives.  The  light  will  pafs  through  tranfparent  bodies 
fwiftly,  and  without  impediment,  but  the  heat  remains  attached  to  the  body, 
and  is  not  tranfmitted  in  any  other  way,  than  it  would  have  pafled  through  an 
opaque  fubftance,  viz.  by  raifing  the  temperature  of  the  body  itfelf.  Heat, 
with  accefs  of  pure  air,  caufes  bodies  to  be  burned,  and  tolofe  their  combuftible 
property.  Light  in  many  inftances  produces  a contrary  effedl.  The  effedt  of 
light  in  chemical  experiments  is  fo  confiderable,  that  the  operator  ought  to  be 
conftantly  aware  of  the  influence  it  may  have  upon  his  produdis.  It  appears  to 
be  particularly  adlive  in  difengaging  vital  air  from  its  combinations;  but  whether 
by  uniting  with  the  air,  or  otherwife,  has  not  been  explained.  Every  chemift 
knows  that  pure  pale  nitrous  acid  cannot  be  preferved  but  in  bottles  quite  full, 
or  in  the  dark.  For  the  light  expels  vital  air  from  the  acid,  if  there  be  any  fpace 
into  which  it  can  efcape,  and  leaves  the  refidue  yeliow  and  fuming,  in  confequence 
of  the  redundant  portion  of  the  balls  of  the  acid.  Mere  heat  is  fo  far  from  effedf- 
ing  this,  that  it  reftores  the  purity  of  the  acid  by  expelling  the  redundancy.  So 
likewife  the  black  calx  of  manganefe,  which  contains  phlogifticated  air  and  vual 
air,  emits  the  former  at  alow  heat,  but  does  not  give  out  the  latter  until  light  be 
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prefent  by  the  ignition  of  the  veffels.  Light  appears  to  be  the  great  agent  in  the 
production  of  combuftible  matter  on  the  furface  of  the  globe.  It  extricates 
vital  air  from  the  leaves  and  other  parts  of  vegetables,  moft  probably  by  decom- 
pofing  their  aqueous  part,  and  leaves  the  combuftible  matter,  or  inflammable  air 
which  enters  into  the  compofition  of  mucilages,  oils,  and  refins,  the  moft:  in- 
flammable of  which  are  the  products  of  fuch  climates  as  poffefs  the  greateft 
intenfity  of  folar  light.  The  confequences  of  a want  of  light  in  vegetation,  are 
remarkably  (hewn  in  the  properties  and  chemical  produfts  of  plants  of  the  fame 
kind,  reared  in  the  open  day,  or  in  the  dark.  The  tendency  of  plants  growing 
in  a room,  which  turn  themfelves  towards  the  aperture  which  admits  the  light,  or 
even  towards  the  thinneft  fide  of  a wooden  box  wherein  they  are  included,  is  a 
ftriking  effect,  and  has  been  afcribed  to  a degree  of  fenfibility  in  thefe  organized 
beings.  But  the  evaporation  of  camphor  and  of  water,  the  vegetation  and 
cryftallization  of  falts,  and  of  metallic  fubftances,  which  are  confiderably  modi- 
fied by  light,  and  incline  themfelves  towards  the  place  of  its  emiflion,  feem  to  be 
inftances  of  the  fame  kind.  The  metallic  calces,  and  the  falts  produced  by  the 
aerated  marine  acid,  undergo  a change  by  the  action  of  light,  rendering  them 
nearer  the  ftate  of  combuftibility  than  before. 

Whence  comes  the  light  afforded  by  ignited  bodies ; whether  it  has  been  pre- 
vioufly  imbibed  by  them;  whether  the  commencement  of  ignition  be  diftindtive 
of  the  fame  temperature  in  all  bodies;  whether  the  great  planetary  fources  of  light 
be  bodies  in  a ftate  of  combuftion,  or  merely  luminous  upon  principles  very  dif- 
ferent from  any  which  our  experiments  can  point  out;  whether  the  momentum  of 
the  particles  of  light,  or  their  difpofition  for  chemical  combination  be  the  moft 
effeftual  in  the  changes  produced  by  its  agency; — thefe,  and  numerous  other 
interefting  queftions,  muft  be  left  for  future  refearch  and  inveftigation. 

The  production  of  light  by  inflammation,  is  an  object  of  great  importance  to 
fociety  at  large,  as  well  as  to  the  chemift.  It  appears  to  arife  immediately  from 
the  ftrong  ignition  of  a -body,  while  rapidly  decompofing.  Moft  folid  bodies 
in  combuftion  are  kept,  partly  from  a want  of  the  accefs  of  air,  and  partly  from 
the  vicinity  of  conducing  bodies,  at  a low  degree  of  ignition.  But  when  vapours 
rapidly  efcape  into  the  air,  it  may,  and  does  frequently  happen,  that  the  com- 
buftion, inftead  of  being  carried  on  merely  at  the  furface  of  the  mafs,  penetrates 
to  a confiderable  depth  within,  and  from  this,  as  well  as  from  the  imperfect  con- 
ducing power  of  the  furrounding  air,  a white  heat,  or  very  ftrong  ignition  is 
produced.  The  effect  of  lampls  and  candles  depends  upon  thefe  confiderations. 
A combuftible  fluid,  moft  commonly  of  the  nature  of  fat  oil,  is  put  in  a fituation 
to  be  abforbed  between  the  filaments  of  cotton,  linen,  fine  wire,  or  afbeftos.- 
The  extremity  of  this  fibrous  fubftance  called  the  wick,  is  then  confiderably 
heated.  The  oil  evaporates,  and  its  vapour  takes  fire.  In  this  fituation  the 
wick  being  inveloped  with  flame,  is  kept  at  fuch  a temperature  that  the  oil  con- 
tinually boils,  is  evaporated,  burns,  and  by  that  means  keeps  up  a conftant 
flame.  Much  of  the  perfection  of  this  experiment  depends  on  the  nature,  quan- 
tities, nnd  figure  of  the  materials  made  rife  of.  If  the  wick  be  too  large,  it  will 
flu p ply  a greater  quantity  of  the  fluid  than  can  be  well  decompofed.  its  evapo- 
ration will  therefore  diminifh  the  temperature,  and  confequently  the  light,  and 
afford  a fuliginous  column,  which  will  pafs  through  the  centre  of  the  flame,  and 
fly  off  in  the  form  of  imoke.  The  magnitude  of  the  wick  may,  from  time  to 
time,  in  candles,  be  reduced,  as  to  length,  by  fnuffing  ; but  this  operation  will  not 
remedy  the  evils  which  arife  from  too  great  a diameter.  If  the  oil  be  not  (uffi- 
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ciently  combuftible,  the  ignition  will  be  but  moderate,  and  the  flame  yellow; 
and  the  fame  effect  will  be  produced  if  the  air  be  not  fufficiently  pure,  or  abun- 
dant. An  experiment  to  this  effedt  may  be  made  by  including  the  flame  of  a 
fmall  candle  or  lamp  in  a glafs  tube  about  one  inch  in  diameter.  Handing  on  the 
furface  of  a table.  The  air  which  paffes  between  the  glafs  and  the  table,  will  be 
fufficient  to  maintain  a very  bright  flame;  but  if  a metallic  covering,  perforated 
with  a tiole  of  about  a quarter  of  an  inch  diameter,  be  laid  upon  the  upper 
orifice  of  the  tube,  the  combuflion  will  be  fo  far  impeded,  that  the  flame  will  be 
perceptibly  yellower.  The  hole  may  then  be  more  or  lefs  clofed  at  pleafure  by 
Aiding  a fmall  piece  of  metal,  for  example  a fhilling,  over  it.  The  confequence 
will  be,  that  the  flame  will  become  more  and  more  yellow,  will  at  length  emit 
fmoke,  and  if  the  hole  be  entirely  clofed,  extinction  will  follow. 

The  fmell  arifing  from  the  volatile  parts  which  pafs  off,  not  well  confumed,  from 
a lamp  or  candle,  mu  ft  be  different  according  to  the  nature  of  thofe  parts.  This 
depends  chiefly  on  the  oil,  but  in  fome  meafure  upon  the  wick.  When  a candle 
with  a cotton  wick  is  blown  out,  the  fmell  is  considerably  more  offenfive  than  if 
the  wick  be  of  linen,  or  of  rulh ; but  lefs  offenfive  than  if  the  fupply  of  the 
combuftion  had  been  oil.  Whenever  a candle  or  lamp  is  removed,  the  com- 
buftion  is  in  fome  meafure  impeded  by  the  ftream  of  cold  air  againfl  which  it 
ftrikes.  Smoke  is  accordingly  emitted  from  its  anterior  fide,  and  the  peculiar 
fmell  is  perceived.  From  this  imperfection,  lamps  are  much  lefs  adapted  to  be 
carried  from  place  to  place  than  candles.. 

From  the  neceffity  of  the  accefs  of  air  there  will  be  more  light  produced  from 
a lamp  with  a number  of  fmall  wicks,  than  with  one  large  one,  or  from  a number 
of  fmall  candles,  than  the  fame  quantity  of  tallow  ufed  to  make  a fingle  large 
one.  In  the  lamp  of  Argand,  the  wick  confifts  of  a web  of  cloth  in  the  form 
of  a pipe  or  tube,  the  longitudinal  fibres  of  which  are  thicker  than  the  circular 
ones.  This  is  paffed  by  a fuitable  contrivance  into  a cylindrical  cavity,  which 
contains  the  oil,  and  there  are  other  precautions  in  the  conftruction  of  the  appa- 
ratus by  which  the  oil  is  regularly  fupplied,  the  accefs  of  air  is  duly  permitted, 
as  well  within  as  without  the  circle  formed  by  the  upper  edge  of  this  cylindrical 
wick,  and  this  edge  can  be  raifed  or  lowered  at  pleafure.  Hence  the  poffeffor 
has  it  in  his  power  to  regulate  the  furface  of  the  wick,  fo  that  the  greateft  flame 
confident  with  perfedt  combuftion  may  be  produced;  and  the  fteadinefs  of  the 
flame  is  fecured  by  a glafs  (hade  or  tube1,  which  furrounds  it,  and  in  a certain  de- 
gree accelerates  the  current  of  air. 

In  the  illumination  by  candles,  where  the  fufed  matter  is  contained  in  a cup 
or  cavity  of  the  matter  not  yet  fufed,  it  is  of  fome  confequence  whether  the  fub- 
ftance  be  fufible  at  a high  or  low  temperature.  The  difference  between  wax  and 
tallow  candles  arifes  from  this  property.  Wax  being  lefs  fufible  will  admit  of  a 
thinner  wick,  and  needs  no  fluffing;  but  in  a tallow  candle,  ic  is  abfolutely 
neceflary  to  have  a large  wick  capable  of  taking  up  the  tallow  as  it  melts. 

The  difference  of  effedt  in  illumination  between  a thick  and  a thin  wick, 
cannot  be  better  fhewn  than  by  remarking  the  appearances  produced  by  both. 
When  a candle  with  a thick  wick  is  firft  lighted,  and  the  wick  fnuffed  fhort,  the 
flame  is  perfect  and  luminous,  unlefs  its  diameter  be  very  great;  in  which  laft  c.afe, 
there  is  an  opake  part  in  the  middle  where  the  combuftion  is  impeded  for  want  of 
air.  As  the  wick  becomes  longer,  the  fpace  between  its  upper  extremity  and 
the  apex  of  the  flame  is  diminifhed  ; and  confequently  the  oil  which  iflues  from 
that  extremity,  having  a lefs  fpace  of  ignition  to  pafs  through,  is  lefs  completely 
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burned,  and  pafles  off  partly  in  frrtoke.  This  evil  continues  to  increafe,  until 
at  length  the  upper  extremity  of  the  wick  proje&s  beyond  the  flame,  and  forms 
a fupport  for  an  accumulation  of  foot,  which  is  afforded  by  the  impetfed:  com- 
buftion.  A candle  in  this  fituation,  affords  fcarcely  one  tenth  of  the  light  which 
the  due  combuflion  of  its  materials  would  produce ; and  tallow  candles,  on  this 
account,  require  continual  fn uffing.  But  on  the  contrary,  if  we  coqfider  the 
wax  candle,  we  find,  that  as  its  wick  lengthens,  the  light  indeed  becomes  lefs, 
and  the  cup  becomes  filled  with  melted  wax.  The  wick  however,  being  thin  and 
flexible,  does  not  long  occupy  its  place  in  the  centre  of  the  flame ; neither  does  it, 
when  there,  enlarge  the  diameter  of  the  flame,  fo  as  to  prevent  the  accefs  of 
air  to  its  internal  part.  When  its  length  is  too  great  for  the  vertical  pofition, 
it  bends  on  one  fide;  and  its  extremity,  coming  into  contad  with  the  air,  is 
burned  to  allies,  excepting  fuch  a portion  as  is  defended  by  the  continual  afflux 
of  melted  wax,  which  is  volatilized  and  completely  burned  by  the  furrounding 
flame.  We  fee  therefore,  that  the  difficult  fufibility  of  wax  renders  it  practicable 
to  burn  a large  quantity  of  fluid  by  means  of  a fmall  wick;  and  that  this  fmall 
wick,  by  turning  on  one  fide  in  confequence  of  its  flexibility,  performs  the  ope- 
ration of  fnuffing  upon  itfelf,  in  a much  more  accurate  manner  than  it  can  ever 
be  performed  mechanically. 

LIME.  Is  made  by  expofing  chalk  or  other  native  combinations  of  calcareous 
earth  and  fixed  air,  to  ignition,  in  a furnace  properly  adapted  for  that  purpofe, 
called  a lime-kiln.  The  heat  mu  ft  be  of  conliderable  intenlity,  and  continued 
twelve  or  fifteen  hours.  A lefs  time  will  be  fufficient  if  the  heat  be  greater,  or 
a longer  if  it  be  more  moderate.  The  effeCt  of  this  procefs  is  to  drive  off'  the 
fixed  air  and  water,  which  compofe  about  half  the  weight  of  fuch  ftones.  Cal- 
careous earth  thus  treated,  is  faid  to  be  in  a cauftic  ftate,  from  its  difpolition  to 
combine  with  and  deftroy  the  organization  of  animal  fubftances,  by  forming  a 
foap  with  their  fat  parts.  As  calcareous  earth  is  infufible  by  the  heat  of  a furnace, 
there  would  be  no  danger  from  too  violent  a heat  if  the  fpecimens  of  chalk  or 
lime- ftone  were  pure;  but  as  this  is  feldom  the  cafe,  an  extreme  degree  of  heat 
produces  a commencement  of  vitrification  in  the  compound  ftone,  and  enables 
it  to  preferve  its  folidity  when  attempted  to  be  made  into  mortar.  This  is  called 
over  burned  lime. 

If  the  calcination  be  perfedly  aceomplifhed,  the  quick  lime  will  have  a very 
ftrong  tendency  to  combine  with  water.  When  this  fluid  is  thrown  upon  a mafs 
of  quick  lime,  it  becomes  hot,  cracks  and  fplits  with  noife,  emits  boiling  hot  va- 
pour, falls  to  pieces,  and  is  in  a very  little  time  totally  reduced  to  a fine  powder. 
This  experiment  is  even  attended  with  light,  if  performed  in  the  dark.  Quick 
lime  expofed  to  the  air  attra&s,  in  the  courfe  of  time,  a fufficient  quantity  of 
water  to  pulverize  it.  k is  then  called  lime  flaked  in  the  air.  It  refqmes  very 
little  fixed  air  by  this  expofure. 

The  pafte  of  lime  mixed  with  fand  to  give  it  firmnefs,  is  well  known  for  its 
utility  in  the  art  of  building.  It  is  difpoted  to  refume  its  original  ftate  and  be- 
come ftone  again,  by  a long  courfe  of  drying  and  re  abforption  of  fixed  air. 
The  drying  may  be  greatly  accelerated  by  adding  one  quarter  of  the  weight  of 
mortar,  of  quick  lime  in  powder,  a very  fhort  time  before  the  mixture  is  ufed. 
This  effeft  is  fimilar  to  what  takes  place  in  the  ufe  of  the  natural  compound  called 
plafter  of  Paris,  which  confifts  of  gypfum,  and  a fmall  portion  of  uncombined 
lime.  See  Earth  Calcareous. 

LINEN  FOSSIL.  The  fibrous  amianthus.  Its  fibres  being  long,  parallel, 
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-and  in  a certain  degree  flexible,  afford  the  facility  of  making  it  into  cloth,  which 
is  incombuftible  in  the  moderate  heat  of  a fire;  but  may  be  fufed,  if  the  tem- 
perature be  confiderably  raifed.  See  Asbestos. 

LINSEED.  See  Oil. 

LIQUEFACTION.  A chemical  term  not  much  ufed.  In  fome  inftances 
it  is  fynonymous  with  the  word  fufion,  in  others,  with  the  word  deliquefcence, 
and  in  others  again,  with  the  word  folution.  It  may  eafily  be  imagined,  there- 
fore, that  accurate  writers  will  ufe  thofe  terms  refpedtively,  becaufe  more  de- 
finite. 

LIQUID  AMBER.  A refinous  juice  which  flows  from  a large  tree  (Liqui- 
clambar  ftyraciflua  Lin.)  growing  in  Virginia,  Mexico,  and  other  provinces  in 
America.  This  juice  is  at  firft  about  the  confiftence  of  turpentine,  but  by  long 
keeping  hardens  into  a refin  : it  is  of  a yellow  colour  inclining  to  red,  of  a 
warm  tafte,  and  a fragrant  fmell,  not  unlike  that  of  ftorax  heightened  with  a 
little  ambergris.  It  was  formerly  of  great  ufe  as  a perfume,  but  is  at  prefent  a 
ftranger  to  the  (hops. 

LIQUOR  OF  FLINTS.  The  preparation  of  this  liquor  confifts  in  uniting, 
by  fufion,  powdered  flints  or  fand  with  a fufficient  quantity  of  fixed  alkali,  !o 
that  a compound  refults  from  it,  in  which  the  properties  of  the  alkali  prevail, 
and  particularly  a total  folubility  in  water.  For  this  purpofe,  one  part  of  ground 
flints  or  fand  is  to  be  well  mixed  with  three  or  four  parts  of  fixed  alkali.  The 
mixture  is  to  be  put  into  a crucible,  which  ought  to  be  very  large,  in  proportion 
to  the  quantity  of  matter.  The  crucible  is  then  to  be  placed  in  a forge  or  good 
melting  furnace,  and  gradually  heated. 

When  this  mixture  has  acquired  a certain  heat,  a confiderable  boiling  and 
fwelling  are  obfervable,  occasioned  by  the  action  of  thefe  two  matters  upon 
each  other.  To  prevent  the  matter  in  this  Hate  from  flowing  over  the  crucible, 
this  ought  to  be  large,  and  the  fire  gradually  raifed.  A part  only  of  the  mixture 
may  be  put  into  the  crucible  at  once;  and  when  its  effervefcence  is  over,  the 
reft  may  be  added  at  different  times,  taking  care  that  each  portion  to  be  added 
be  previoufly  heated,  to  prevent  explofion  from  any  moifture  which  it  might  con- 
tain, when  mixed  with  red-hot  melted  matter. 

When  the  effervefcence  of  all  the  mixture  is  over,  it  is  to  be  kept  in  a good 
fufion  during  a quarter  of  an  hour,  and  is  then  to  be  poured  upon  a greafed 
ftone  or  plate  of  iron.  The  matter  when  cold  is  brittle,  andfeems  vitrified.  It 
is  even  tranfparent  like  glafs,  when  the  quantity  of  alkali  is  only  double  or  nearly 
double  the  quantity  of  flints.  It  quickly  and  ftrongly  attradls  moifture  from  the 
air,  and  is  entirely  foluble  in  water,  except  a very  Small  portion  of  earthy  matter. 
But  a Similar  earth  is  alfo  Separated  from  pure  confiderably  fixed  alkali,  during  its 
folution  in  water. 

The  filtrated  folution  is  at  firft  clear,  and  limpid;  but  it  afterwards  becomes 
turbid,  and  forms  an  earthy  fediment,  like  that  formed  by  folutions  of  fixed 
alkali;  only  the.  former  feems  m6re  copious.  This  liquor  has  all  the  properties  of 
liquid  fixed  alkali. 

All  thefe  properties  of  alkaline  falts,  and  particularly  its  total  folubility  in 
water,  are  caufed  by  the  quantity  of  fixed  alkali  which  enters  into  this  kind  of 
vitrified  matter.  As  compound  bodies  partake  always  of  the  properties  of  their 
component  principles,  and  as  the  properties  of  the  principle  which  predominates 
in  the  composition  of  any  body,  do  alfo  predominate  in  that  body,  we  may  per- 
ceive why  the  properties  of  the  fixed  alkali  in  the  prel'ent  combination  Should  be 
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more  fenfible  than  thofe  of  the  earthy  matter,  or  flints.  The  alkali  communicates 
to  the  earthy  matter  fome  of  its  ftrong  difpofttion  to  unite  with  water.  The  flints 
are  really  kept  difl'olved  in  water,  and  by  this  experiment  they  are  confequently 
reduced  into  a liquor,  and  hence  it  has  been  called  the  liquor  of  flints.  If  any 
acid  be  added  to  the  liquor  of  flints,  fo  as  to  faturate  the  alkali,  the  flint  which 
was  kept  difl’olved  in  water  by  means  of  this  alkali,  will  be  now  precipitated  in 
the  flate  of  a fine  earth.  Macquer  mentions  a Angular  fa  ft  from  Pott,  that  the 
earthy  precipitate  will  be  entirely  taken  up,  if  a redundancy  of  acid  be  added: 
but  this  is  contrary  to  the  refults  of  experiment  by  Bergman,  Klaproth,  and 
other  eminent  chemifts;  though  an  enquiry  into  the  caufe,  which  ,'eems  to  have 
milled  Pott,  Baume,  and  others,  certainly  deferves  to  be  inveftigated. 

The  glafles  which  contain  too  much  alkaline  fait  in  their  compofition,  or 
which  have  not  fuftained  a fire  long  or  ftrong  enough  to  unite  the  earth  inti- 
mately with  the  fixed  alkali,  are  partly  foluble  in  acids,  have  fometimes  even  an 
alkaline  tafte,  tarnifh,  and  moiften  in  the  air. 

LIQUOR  OF  L1BAVIUS.  See  Tin. 

LIQUORICE.  The  faccharine  extraft  from  liquorice  is  prepared  by  ftrong 
decoftion  in  water.  It  is  prepared  in  the  large  way  in  Spain  and  forrre  parts  of. 
Germany.  The  black  colour  ariles  from  coal  piodyced  by  the  empyreuma  to- 
wards the  end  of  the  procefs.  Neumann  found  that  one  ounce  of  the  Spanifh 
extraft  water  difl’olved  feven  drachms  two  fcruples,  leaving  a refidue"from  which 
fpirit  extrafted  nothing.  Rectified  fpirit  firft  applied,  difl'olved  four  drachms 
two  fcruples  out  of  an  ounce,  which  confided  of  nearly  the  whole  of  the  fugar  ; 
for  though  water  took  up  three  drachms  of  the  remainder,  it  was  nearly  tafte- 
lefs. 

L1THANTHRAX.  Pit  coal,  or  done  coal:  a black,  folid,  compaft, . 
brittle,  inflammable  fubdance,  of  a moderate  hardnefs,  laminated  texture,  more 
or  lefs  fhining,  but  in  few  fpecimens  capable  of  a good  polillr.  None  of  the 
pit  coals  are  fufible,  though  fome  exhibit  an  imperfeft  degree  of  fufibility.  All 
the  fpecimens  leave  an  earthy  refidue,  when  burned.  It  appears  to  confid  of 
afphaltos,  intimately  mixed  with  a fmall  proportion  of  earth,  modly  of  the  argil- 
laceous kind,  feldom  calcareous,  and  frequently  intermixed  with  pyrites,  either 
in  nodules,  or  diffufed  in  fuch  fmall  particles  as  fcarcely  to  be  difcerned.  Ac- 
cording to  Gerhard,  quoted  by  Kirwan,  ardent  fpirit  extrafts  a red  colour  from 
it;  cauflic  fixed  alkali  attacks  the  bituminous  part,  and  fat  oils  aft  on  and  form 
a varnifh,  at  lead  with  fome  forts  of  it:  a fixed  alkali  has  never  been  found  in 
it,  nor  any  fnlphur,  except  it  contained  pyrites.  See  Coal. 

LITHARGE.  A calx  of  lead  in  an  imperfeft  date  of  vitrification.  When 
filver  is  refined  by  cupellation  with  lead,-  this  latter  metal,  which  isfcorified,  and 
caufes  the  fcorification  of  the  imperfeft  metals  allayed  with  the  filver,  is  trans- 
formed into  a matter  compofed  of  fmall  femi-tranfparent  fhining  plates,  refem- 
bling  mica;  which  is  litharge.  Litharge  is  more  or  lefs  white  or  red,  according 
to  the  metals  with  which  the  filver  was  allayed.  The  white  is  called  litharge  of 
filver,  and  the  red  has  been  improperly  called  litharge  of  gold. 

Litharge  may  be  eafily  revived  into  lead;  accordingly  much  of  that  which  is 
produced  by  refining  in  the  large  way  is  reduced,  by  being  melted  upon  burning 
coals.  The  part  of  it  which  is  lead  altered  by  mixture  with  other  metals  is  thus 
reduced,  and  by  this  method  good  and  faleable  lead  is  obtained.  The  reft  of 
the  litharge  of  thefe  refineries  is  fold  and  ufed  for  various  purpofes.  Potters  ufe 
much  of  it  for  glazing  their  ware.  It  is  employed  for  the  preparation  of  fome 
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plafters,  and  other  external  remedies ; and  alfo  in  painting,  to  render  linfeed  oil 
drying.  Laftly,  it  is  added  in  the  compofition  of  fome  glafles,  for  it  is  very 
fufible,  and  aflifts  the  fufion  of  other  fubftances.  It  has  in  general  the  fame  pro- 
perties as  the  other  calces  of  lead.  All  the  litharge  which  is  commonly  fold 
comes  from  refineries.  The  quantity  formed  there  is  more  than  fufficient  for  the 
demand.  See  Lead. 

LITHOLOGY.  The  fyftematical  arrangement  of  ftones. 

LITHOMARGA.  See  Earth,  Fullers. 

LITMUS.  See  Heliotropium. 

LIVER  OF  ANTIMONY.  A combination  produced  by  detonating  equal 
parts  of  crude  antimony  and  nitre  in  a large  crucible,  and  afterwards  fufing  the 
mafs.  The  matter  when  cold  is  found  to  confifl  of  two  diftindt  fubftances,  fepa- 
rable  by  the  blow  of  a hammer.  The  upper  matter  is  a faline  Icoria,  compofed 
of  liver  of  fulphur,  vitriolated  tartar,  and  a portion  of  antimony.  The  lower 
matter,  or  liver  of  antimony,  is  heavy,  opake,  compadt,  red,  and  brittle.  Its 
component  parts  appear  to  be,  the  calx  of  antimony  with  fulphur,  and  probably 
fome  of  the  alkali.  There  is  reafon  to  think  that  the  calcination  of  the  metal, 
the  diflipation  of  the  fulphur,  and  other  circumftances,  may  vary  according  to  the 
management  of  the  heat.  But  this  fcarcely  deferves  to  be  enquired  into,  becaufe 
the  compound  is  little  ufed  in  medicine,  and  enters  into  none  of  the  operations 
in  philofophical  chemiftry. 

LIVER  OF  ARSENIC.  See  Arsenic. 

LIVER  OF  SULPHUR.  The  general  name  of  fulphureous  hepar,  or  liver 
of  fulphur,  has  been  given  to  a compound  formed  of  fulphur,  with  fome  alkaline 
fubftance.  This  compound  confidered  in  general  is  of  a brown  colour,  refem- 
bling  that  of  the  liver  of  animals;  decompofable  by  vital  air;  foluble  in  water, 
in  which  ftate  of  folution  it  emits  a fetid  fmell ; precipitable  in  part  by  acids, 
which  difengage  a peculiar  elaftic  air,  called  Hepatic  Air,  whidh  fee.  There 
are  fix  kinds  of  liver  of  fulphur  produced  by  ponderous  earth,  magnefia,  lime,  and 
the  three  alkalis.  The  properties  of  each  require  to  be  particularly  examined. 

Pure  ponderous  earth  does  not  appear  to  a<fb  ftrongly  on  fulphur;  when  thefe 
are  boiled  together  with  water,  the  liquid  becomes  in  a fmall  degree  hepatic  ; 
but  it  combines  much  more  intimately  in  the  dry  way.  When  a mixture  of  eight 
parts  of  ponderous  fpar  in  powder  with  one  part  of  charcoal,  is  ftrongly  heated 
in  a crucible,  a coherent  mafs  is  obtained  without  fufion,  which  readily  diflblves 
in  hot  water,  and  has  the  fmell  and  every  other  charadter  of  a hepar.  The  fo- 
lution is  of  a golden  or  orange  colour.  Fourcroy  obferved,  that  it  cryftallizes 
by  cooling;  it  is  then  of  a yellowifh  white.  Expofure  to  air  decompofes  it, 
when  it  attradls  moifture,  and  becomes  of  deeper  colour;  fulphur  being  preci- 
pitated, and  ponderous  fpar  regenerated.  This  liver  of  fulphur  gives  out  hepatic 
air  on  the  addition  of  any  acid.  When  the  barytic  hepar  is  precipitated  by 
vitriolic  acid,  fulphur,  and  ponderous  fpar  fall  down;  if  nitrous  or  marine  acid 
be  ufed,  the  barytic  nitre  or  muriate  remains  in  folution,  and  the  fulphur  is  de- 
pofited  alone. 

Sulphur  combines  with  pure  magnefia,  by  the  affiftance  of  heat.  Mild  mag- 
nefia is  commonly  ufed  for  this  purpofe,  becaufe  more  diffufable  in  water.  A 
pinch  of  magnefia,  with  a like  mafs  of  the  flowers  of  fulphur,  is  put  into  a bottle 
with  diftilled  water;  this  veflel  being  perfedtly  filled,  and  well  flopped,  is  ex- 
pofed  to  the  heat  of  a water-bath  for  feveral  hours.  The  water  being  then  fil- 
tered, has  a fetid  fmell  of  rotten  eggs;  ftrongly  colours  metallic  folutions,  and 
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affords  {mail  cryftalline  needles  by  fpontaneous  evaporation:  in  a word,  it  is  a 
true  magnefian  liver  of  fulphur;  the  magnefia  being  precipitable  by  fixed  alkali, 
which  has  a ftronger  affinity  with  the  fulphur.  As  to  the  latter  combuftible fub- 
fiance,  its  prefence  is  eafily  afcertained  by  the  addition  of  an  acid,  which  feparates 
it  under  the  form  of  a white  powder.  Such  was  the  kind  of  liver  of  fulphur 
which  M.  Le  Roi,  phyfician  at  Montpellier,  diffolved  in  pure  water,  to  imi- 
tate the  hepatic  mineral  waters;  but  it  is  now  known,  that  mod  of  thofe  waters 
do  not  contain  a true  hepar,  but  are  mineralized  limply  by  impregnation  with 
hepatic  air. 

Lime  unites  much  more  readily  with  fulphur  than  the  two  fubftances  before 
mentioned.  If  water  be  poured  by  a little  at  a time  on  a mixture  of  quick  lime 
and  flowers  of  fulphur,  the  heat  produced  by  the  aftion  of  the  water  on  the  lime 
is  fufficient  to  promote  the  combination  between  it  and  the  fulphur.  If  more 
water  be  added,  it  becomes  reddilh,  and  emits  a fetid  or  hepatic  odour,  being 
in  faft:  a folution  of  fulphur  combined  with  lime.  This  hepar  is  not  well  pre- 
pared, but  by  the  humid  way,  and  it  is  often  neceflary  to  affifl  the  combination 
by  the  application  of  a gentle  heat,  when  the  lime  is  not  frefli.  The  compound 
is  of  a red  colour;  and  the  more  cauftic  the  lime,  the  deeper  the  red.  When  it 
is  highly  faturated,  it  depofits,  by  cooling,  a layer  of  fmall  needled  cryflals  of  an 
orange  yellow,  difpofed  in  tufts,  which  appeared  to  Fourcroy  to  confift  of  flat- 
tened tetrahedral  prifms,  terminated  by  dihedral  fummits.  Thefe  cryflals  gra- 
dually lofe  their  colour  by  expoftire  to  air,  and  become  white  and  opake,  with- 
out any  alteration  in  their  form.  Calcareous  liver  of  fulphur,  moiftened  with  a 
fmall  quantity  of  water,  and  diftilled  in  the  pneumatic  apparatus,  is  partly  de- 
compofed,  and  affords  a large  quantity  of  hepatic  air:  if  it  be  evaporated  to 
drynefs,  and  calcined  in  an  open  crucible  till  it  emits  no  more  fumes,  the  refidue 
confifts  of  felenite  formed  by  the  lime,  and  the  vitriolic  acid  produced  by  the 
flow  combuftionof  the  fulphur.  Calcareous  liver  of  fulphur  is  quickly  changed 
by  expofure  to  air,  lofing  its  fmell  and  colour,  in  proportion  as  the  hepatic  air 
is  diffipated.  When  diffolved  in  a large  quantity  of  water,  the  fame  alteration 
takes  place,  efpecially  when  it  is  agitated,  as  Mr.  Monnet  obferves,  in  his  Trea- 
tife  on  Mineral  Waters.  Selenite  remains  after  thofe  changes.  When  preferved 
in  bottles  not  quite  full,  it  depofits  a black  incruftation  on  the  glafs,  pellicles 
being  at  the  fame  time  formed,  which  fall  to  the  bottom  of  the  liquor.  If  the 
veffel  which  contains  it  be  well  clofed,  it  may  be  kept  a long  time  unchanged. 
Calcareous  liver  of  fulphur  is  decompofed  by  pure  fixed  alkalis,  which  have  a 
ftronger  affinity  than  lime  to  the  fulphur.  Acids  precipitate  the  fulphur  in  the 
form  of  a very  fubtle  white  powder,  which  has  been  called  magiftery  of  fulphur. 
Fixed  air  effefts  this  feparation  as  well  as  the  others;  but  the  aftion  of  neutral 
falts  on  calcareous  liver  of  fulphur  is  not  known. 

The  two  pure  or  cauflic  fixed  alkalis  have  a very  ftrong  aftion  on  fulphur; 
they  form  the  true  hepars,  which  are  lefs  decompofeable,  and  more  permanent, 
than  the  others.  The  dry  fixed  cauftic  alkalis  aft;  on  fulphur  when  in  the  cold. 
With  this  intention,  pure  fixed  alkali  and  fulphur  in  powder  muft  be  triturated  in 
a mortar;  the  moifture  of  the  air  attrafted  by  the  alkali  favours  the  re-aftion  of 
the  fait  on  the  fulphur.  The  mixture  becomes  foft,  affumes  a yellow  colour, 
emits  a fetid  fmell,  and  is  converted  into  hepar;  but  when  this  hepar  is  dif- 
folved in  water,  the  folution  is  of  a pale  yellow  colour,  and  is  found  to  contain 
a lefs  quantity  of  fulphur  than  the  fame  hepar  prepared  by  heat.  The  alkaline 
hepar  is  prepared  in  laboratories  in  two  methods,  by  the  dry,  or  by  the  moift 
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way;  the  firft  procefs  is  performed  by  melting  equal  parts  of  dry  lapis  caufticus 
and  flowers  of  fulphur  in  a crucible  : as  foon  as  the  mixture  is  entirely  melted,  it 
is  to  be  poured  out  on  a marble  flab,  and  appears  when  cool  to  be  of  a red  brown 
colour*  refembling  that  of  the  liver  of  animals. 

The  two  pure  and  cauftic  fixed  alkalis  aft  abfolutely  in  the  fame  manner  on 
liver  of  fulphur,  and  are  equally  capable  of  diflolving  it  by  the  dry  way.  Thefe 
combinations  of  cauftic  alkalis  with  fulphur  have  hitherto  been  little  attended  to; 
liver  of  fulphur  having  almoft  always  been  made  with  fixed  alkalis,  faturated 
with  the  fixed  air.  Yet  Fourcroy  obferved  two  remarkable  differences  between 
thefe  two  kinds  ofhepar;  thofe  made  with  the  mild  fixed  alkalis  require  a longer 
time  for  their  preparation,  becaufe  thefe  falts  are  much  left  adtive.  But  the  moft 
important  difference  between  the  livers  of  fulphur  made  with  cauftic  or  dry 
alkalis,  in  the  dry  way,  is  the  comparative  ftate  of  their  faturation.  In  fadt,  the 
firft  are  brown,  and  more  fetid  when  difl'olved,  and  the  fixed  air  they  afford  is 
much  more  hepatic  and  inflammable  than  that  of  the  fecond.  Thefe  laft  are  of 
a paler  colour,  often  of  a greenilh  grey;  their  fmell  is  weaker,  and  their  compo- 
fition  left  durable.  The  mild  fixed  alkalis  appear  to  preferve  their  acid  in  their 
union  with  fulphur,  the  air  from  thefe  hepars  not  being  inflammable  till  it  has 
been  deprived  of  its  fixed  air  by  waffling  it  in  lime-water.  The  caufe  of  the 
differences  between  livers  of  fulphur  made  with  cauftic  alkalis,  and  with  thofd 
made  with  mild  alkalis,  confifts  therefore  in  the  prefence  of  the  aoid  in  the  lat- 
ter, which  diminiffies  the  effedt  of  the  alkali. 

Solid  alkaline  liver  of  fulphur,  made  with  either  of  die  fixed  alkalis,  is  very  fufi- 
ble,  and,  like  calcareous  liver  of  fulphur,  is  decompofed  by  heating  in  clofe  veflels, 
after  having  been  moiftened  with  a fmall  quantity  of  water,  in  which  circumftancc 
it  gives  out  much  hepatic  air.  It  is  capable  of  affuming  a cryftalline  form  when 
it  becomes  folid  by  fufion ; but  this  form  has  not  yet  been  well  defer ibed. 
While  hot  and  dry  it  has  a brown  colour;  in  proportion  as  it  cools  and  attracts 
the  humidity  of  the  air,  it  lofes  its  colour,  and  becomes  paler.  The  contadt  of 
the  air  foon  gives  it  a greenilh  yellow  colour;  after  which  it  is  rendered  liquid  by 
the  moifture  it  attra&s,  and  is  flowly  decompofed,  fo  as  to  become  converted  at 
the  end  of  a certain  time  into  vitriolated  tartar,  or  Glauber’s  fair.  It  diffolves 
readily  in  water,  immediately  affuming  a peculiar  fetid  fmell;  the  hepatic  air 
being  formed  by  the  re-adtion  of  the  water  : this  folulion  is  of  a deep  red  colour; 
if  the  liver  of  fulphur  has  been  recently  prepared,  but  otherwife  a green.  The 
livers  of  fulphur  prepared  in  the  humid  way,  by  heating  afolution  of  either  of  the 
cauftic  fixed  alkalis  in  water,  with  half  their  weight  of  powdered  fulphur,  exhibit 
the  fame  properties  as  the  folution  here  mentioned.  They  may  therefore  be  de- 
forced both  under  the  common  name  of  alkaline  liquid  hepar. 

The  liquid  alkaline  liver  of  fulphur,  when  very  ftrong,  depofits  irregular 
needle-formed  cryftals  by  cooling.  It  is  decompofeable  by  the  adtion  of  heat- 
When  diftilled  in  the  pneumato-chymical  apparatus,  it  affords  hepatic  air  t.ex- 
pofure  to  air  likewife  decompofes  it,  fo  that  it  becomes  turbid;  pellicLes-are  then 
formed,  and  fulphur  depofited.  Bergman  and  Scheele  thought  that  this  decom- 
pofition  is  produced  by  the  vital  air  of  the  atmofp.here  ; a fmall  quantity  of  liquid 
liver  of  fulphur  being  placed  under  a glafs  veflel  with  vital  air,  the  latter  is  enT 
ti rely  abforbed,  and  the  hepar  decompofed.  Mr.  Scheele  has  even  propofed  ■ 
the  application  of  this  fadt  to  eudioinetrical  purpofes;.  and  it  is  in  fadt  one  of  the 
beft  methods  of  afewtaining  the  purity  of  the  air, 
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Earths  and  earthy  falts  have  no  a&ion  on  alkaline  liquid  hepar  when  very 
pure;  but  if  it  has  been  prepared  with  a mild  alkali,  it  becomes  turbid  by  the 
addition  of  lime-water.  Acids  decompofe  it,  by  uniting  with  the  alkali,  and 
precipitating  the  fulphur  in  the  form  of  a very  fine  white  powder,  called  ma- 
giftery  of  fulphur.  Spirit  of  nitre  poured  on  folid  liver  of  fulphur  in  fufion, 
produces  a detonation.  All  the  acids  decompofe  alkaline  liver  of  fulphur,  and 
difengage  hepatic  air.  .See  Air  Hlpatic. 

LIVER  STONE.  See  Lapis  Hepa ncus. 

LIXIV1AL.  Thofe  falts  are  called  lixivial  which  have  been  extracted  by 
lixiviation,  and  thefe  chiefly  are  fixed  alkalis ; which  are  therefore  called  lixivia! 
falts.  See  Alkali. 

LIXIVIATION.  The  application  of  water  to  the  fixed  refidues  of  bodies,  or 
the  purpofe  of  extracting  the  faline  part. 

LIXIVIUM.  A fokition  of  refidual  falts,  obtained  by  lixiviation. 

LOADSTONE.  An  iron  ore  whofe  conftitution  has  not  yet  been  properly 
examined.  It  is  of  a dark  or  black  lead  colour,  generally  of  confiderable  hard- 
nefs,  weight,  and  clofenefs  of  texture.  It  is  fuppofed  to  contain  much  iron  in 
the  metallic  ftate,  or  nearly  fo„  It  attra&s  iron  or  Heel  filings-,  by  which  crite- 
rion it  is  eafily  known. 

LOAM.  A natural  mixture  of  clay  and  fand.  The  coloured  clays  and  loams 
participate  of  iron;  hence  many  of  thefe  melt  in  a ftrong  fire,  without  any  addi- 
tion ; both  clay  itfelf,  and  mixtures  of  it  with  cryftalline  earths,  being  brought 
into  fufion  by  ferrugineous  calces,  though  the  fufible  mixtures  of  clay  and  cal- 
careous earths  are  by  the  fame  ingredient  prevented  from  melting.  The  bricks 
made  from  fome  loams,  particularly  the  Windfor,  are,  when  moderately. burnt, 
remarkably  free,  fo  as  to  be  eafily  rubbed  fmooth,  cut,  fawed,  grooved,  &c. 
Hence  their  ufe  in  building  furnaces,  &c.  They  bear  a considerably  ftrong 
fire,  but  have  been  frequently  melted  in  a vehement  one. 

LODESTONE.  A name  given  by  the  Cornifti  miners  to  • ftones  likewife 
called  tin-ftone.  They  confift  chiefly  of  ftones  or  fand  of  different  kinds,  through 
which  calx  of  tin  is  invifibly  diffeminated.  They  are  heavy  and  of  various  co- 
lours, but  blue,  grey,  black  and  brown  are  the  commoneft. 

LOGWOOD.  India,  Jamaica*,  or  Campeachy  wood  has  received  thofe 
names  from  the  places  where  it  grows  mod  plentifully.  It  is  very  common  at 
Jamaica,  and  on  the  eaftern  fhore  of  the  bay  of  Campeachy;  and  is  found  alfo 
at  St.  Croix,  Martinico,  and  Granada. 

The  tree  is  called  by  Linnzeus  hasmatoxylum  campechianum.  It  grows  very 
high  and  large  in  a good  foil : the  bark  is  thin,  fmooth,  and  of  a bright  grey, 
or  fometimes  yellowifh  : the  trunk  is  ftraight  and  prickly  : the  leaves  fomewhat 
refemble  thofe  of  the  bay  tree  in  appearance,  and  alfo  in  their  aromatic  qualities, 
whence  the  tree  has  been  called  aromatic  bay,  or  Indian  bay : its  feeds  have  been 
improperly  called  clove  feeds,  from  their  flavour,  and  in  England  are  known  by 
the  name  of  Jamaica  pepper,  or  all-fpice. 

Logwood  is  fo  heavy  as  to  fink  in  water,  hard,  compact,  of  a fine  grain,  ca- 
pable of  being  polilhed,  and  fcarcely  fufceptible  of  decay.  Its  predominant  co- 
lour is  red,  tinged  with  orange,  yellow,  and  black. 

* In  England,  the  name  of  Jamaica  wood  is  commonly  applied  to  the  better  fpecies  of  mahogany, 
the  inferior  kind  being  brought  from  Honduras.  Hamilton, 
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For  ufe,  its  juice  as  it  is  commonly  called  may  be  extradfed  by  decodtion  with 
water.  It  yields  its  colour  both  to  fpirituous  and  watery  menftrua.  Alcohol 
extracts  it  more  readily  and  copioufly  than  water.  The  colour  of  its  dyes  is  a 
fine  red,  inclining  a little  to  violet  or  purple,  which  is  principally  obfervable  in 
its  watery  decodtion.  This,  left  to  itfelf,  becomes  in  time  yellowifh,  and  at 
length  black.  Acids  turn  it  yellow : alkalis  deepen  its  colour,  and  give  it  a 
purple  or  violet  hue.  Vitriolic,  nitrous,  and  muriatic  acids  produce  in  it  a 
fmall  quantity  of  a precipitate,  which  is  fome  time  in  feparating,  and  its  colour, 
with  the  vitriolic  acid,  is  a dark  red  ; with  the  nitrous,  feuillemort;  with  the 
muriatic,  a lighter  red.  The  fupernatant  liquor  is  tranfparent,  of  a deep  red 
colour  with  the  vitriolic  and  muriatic  acids,  and  yellowifh  with  the  nitrous.  The 
acid  of  fugar  forms  a light  marone  precipitate;  the  liquor  remaining  tranfparent, 
and  of  a yellowilh  red.  The  acetous  acid  ads  nearly  in  the  fame  manner,  ex- 
cept that  the  colour  of  the  precipitate  is  a little  deeper.  Tartar  gives  the  fame 
precipitate  as  vinegar,  but  the  liquor  remains  turbid,  and  more  inclined  to  yel- 
low. Fixed  alkali  occafions  no  precipitate,  but  changes  the  decodion  to  a deep 
violet,  which  afterwards  becomes  nearly  brown.  Alum  produces  a pretty  co- 
pious precipitate,  of  a lightifh  violet  colour ; the  liquor  remaining  violet,  and 
nearly  tranfparent.  Alum  and  tartar  occafion  a dark  red  precipitate  in  tolerable 
quantity ; the  liquor  remaining  tranfparent,  and  of  a yellowifh  red.  Vitriol  of 
iron  gives  it  inflantly  a blueifh  black  colour,  like  that  of  ink  ; a pretty  copious 
precipitate  of  the  fame  colour  is  produced,  and  the  liquor  remains  turbid  a long 
while;  but  if  it  be  fufficiently  diluted,  and  efpecially  if  there  be  a fmall  excefs  of 
I . the  vitriol,  all  the  black  matter  is  at  length  depofited.  Vitriol  of  copper  pro- 
I duces  a very  copious  precipitate,  of  a browner  and  lefs  bright  black  than  the 
preceding:  the  liquor  remains  tranfparent,  and  of  a very  deep  brovvnifli  or  yel- 
I lowifh  red.  Sugar  of  lead  inftantly  occafions  a black  precipitate,  with  a flight 
reddifh  tinge;  the  liquor  remaining  tranfparent,  and  of  the  colour  of  very  pale 
beer.  Laftly,  tin  diffolved  in  aqua  regia  forms  immediately  a precipitate  of  a 
very  fine  violet  or  purple,  almott  prune  de  Monfieur:  the  fupernatant  liquor  is 
very  clear,  and  perfedtly  colourlefs. 

Stuffs  would  take  only  a flight  and  fading  colour  from  decodtion  of  logwood, 
if  they  were  not  previously  prepared  with  alum  and  tartar.  A little  alum  is  added 
alfo  to  the  bath.  By  thefe  means  they  acquire  a pretty  good  violet. 

A blue  colour  may  be  obtained  from  logwood,  by  mixing  verdegris  with  the 
bath,  and  dipping  the  cloth  till  it  has  acquired  the  proper  fhade. 

The  great  confumption  of  logwood  is  for  blacks,  to  which  it  gives  a luftre  and 
velvety  caft,  and  for  greys  of  certain  fhades.  It  is  alfo  of  yery  extenfive  ufe  for 
different  compound  colours,  which  it  would  be  difficult  to  obtain  of  equal  beauty 
and  variety,  by  means  of  drugs  affording  a more  permanent  dye. 

Juice  of  logwood  is  frequently  mixed  wjth  that  of  brafil,  to  render  colours 
deeper;  their  proportion  being  varied  according  to  the  fhade  defired. 

Logwood  is  ufed  for  dyeing  filk  violet.  For  this  the  filk  mull  be  fcoured, 
alumed,  and  wafhed;  becaufe  without  aluming  it  would  take  only  a reddifh 
I tinge,  that  would  not  ftand  wetting.  To  dye  filk  thus,  it  muft  be  turned  in  a 
cold  decodtion  of  logwood,  till  it  has  acquired  the  proper  colour  : if  the  decodtion 
were  ufed  hot,  the  colour  would  be  in  {tripes  and  uneven. 

Bergman  has  already  obferved,  that  a fine  violet  might  I5e  produced  from 
logwood,  by  impregnating  the  filk  with  folution  of  tin.  In  fadt,  we  may 
thus  obtain,  particularly  by  mixing  logwood  and  brafil  in  various  proportions, 
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a great  number  of  fine  ftiades,  more  or  lefs  inclined  to  red,  from  lilac  to 
violet. 

If  decoftion  of  logwood  be  fubftituted  for  that  of  brafil  in  the  procefs  commu- 
nicated by  Mr.  Brown,  a fine  violet  colour  will  be  obtained ; and  if  the  two  be 
mixed,  we  fhall  have  fhades  of  puce  colour,  and  prune  de  Moniieur,  more  or  lefs 
inclining  to  red.  See  Brazil  Wood. 

The  remarks  made  on  brafil  are  alfo  applicable  to  logwood,  the  colouring  mat- 
ter of  which  exhibits  fimilar  properties.  BerthoHet. 

LUDUS  HELMONTII.  An  indurated  marie,  compofed  of  various  pieces 
of  a whitifh  brown  colour,  feparated  into  a great  number  of  polygonous  com- 
partments, the  boundaries  of  which  are  formed  of  matter  of  a lighter  colour 
than  the  reft.  According  to  Bomare,  the  ludus  ftellatus  Helmontii,  found  in 
the  county  of  Kent,  is  covered  with  a kind  of  ftriated  felenite,  rdembling  the 
zeolite. 

It  is  for  the  moft  part  of  a globofe  figure,  feldom  flat,  but  often  convex  on  the 
outfide.  And  fometimes  with  a concave  furface. 

According  to  Wallerius,  the  ludus  Helmontii  lofes  by  calcination  about  half  of 
its  weight ; and,  on  being  urged  by  fire,  is  melted  into  a black  glofly  flag.  It 
effervefces  ftrongly  with  aqua  fortis,  and  this  folution  is  of  a yellow  colour.  But 
what  feems  very  extraordinary,  by  adding  to  it  fome  oil  of  tartar  per  deliquium, 
bubbles  are  emitted,  from  which  a great  number  of  flender  black  threads,  or 
filaments,  are  produced,  flicking  like  a cobweb  to  the  fides  and  bottom  of  the 
veflel. 

This  ftone  is  found  quite  feparate  by  itfelf,  as  well  as  various  ftalagmites,  and  . 
cruftaceous  bodies,  on  the  ftrata  of  argillaceous  earth,  in  various  parts  of  Europe, 
chiefly  in  Lorrain,  Italy,  England  (in  the  counties  of  Middlefex  and  Kent), 
and  elfewhere. 

LUMACHELLA.  A conglutinated,  calcareous  ftone,  compofed  of  fhells 
and  coral,  united  together  by  a cement  of  the  fame  nature.  When  they  have 
many  colours,  they  are  called  marbles,  and  employed  as  fuch.  In  the  ifland  of 
Gottland  there  is  found  one  of  this  kind  of  one  colour  only,  which  on  that  account 
is  not  called  marble,  or  ufed  as  fuch. 

LUNA.  The  alchymift’s  term  for  filver. 

LUNA  CORNEA.  The  combination  of  marine  acid  and  filver.  Sec 
Silver. 

LUNAR  CAUSTIC.  The  nitre  of  filver,  fufed  in  a low  heat.  See 
Silver. 

LUTE.  In  many  chemical  operations,  the  vefiels  muft  be  covered  with 
fomething  to  preferve  them  from  the  violence  of  the  fire,  from  being  broken  or 
melted,  and  alfo  to  clofe  exatftly  their  joinings  to  each  other,  to  retain  the  fub- 
ftances  which  they  contain,  when  they  are  volatile  and  reduced  to  vapour.  For 
this  purpofe  feveral  matters  are  employed,  called  in  general  lutes. 

The  lutes  with  which  glafs  and  earthen  ware  retorts  are  covered,  ought  to  be 
compofed  of  nearly  equal  parts  of  coarfe  fand  and  refratftory  clay.  Thefe  matters 
are  to  be  well  mixed  with  water  and  a little  hair,  foas  to  form  a liquid  pafte,  with 
which  vefiels  are  to  be  covered,  layer  upon  layer,  till  it  is  of  the  required  thick- 
nefs.  See  Coating. 

The  fand  mixed  with  the  clay  is  neceflary  in  this  lute,  to  prevent  the  cracks 
which  are  occafioned  by  the  contradling  of  clay  during  its  drying,  which  it  always 
does  when  it  is  pure.  The  hair  ferves  alfo  to  bind  the  parts  of  the  lute,  and  to 
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keep  it  applied  to  the  veffel : for,  notwithftanding  the  fand  which  is  intro- 
duced into  it,  fome  cracks  are  always  formed,  which  would  occafion  pieces  of 
it  to  fall  off. 

The  lutes  with  which  the  joinings  of  veffels  are  clofed,  are  of  different  kinds, 
according  to  the  nature  of  the  operations  to  be  made,  and  of  the  fubftances  to  be 
diftilled  in  thefe  veffels. 

When  vapours  of  watery  liquors,  and  fuch  as  are  not  corrofive,  are  to  be  con- 
tained, it  is  fufficient  to  furround  the  joining  of  the  receiver  to  the  nofe  of  the 
alembic,  or  of  the  retort,  with  flips  of  paper  or  of  linen,  covered  with  flour-pafte. 
In  fuch  cafes  alfo  flips  of  wet  bladder  are  very  conveniently  ufed. 

When  more  penetrating  and  difl'olving  vapours  are  to  be  contained,  a lute  is  to 
be  employed  of  quick-lime  flaked  in  the  air,  and  beaten  into  a liquid  pafte  with 
whites  of  eggs.  This  pafte  is  to  be  fpread  upon  linen  flips,  which  are  to  be  ap- 
plied exactly  to  the  joining  of  the  veffels.  This  lute  is  very  convenient,  eafily 
dries,  becomes  folid,  and  fufficiently  firm. 

Laflly,  when  faline,  acid,  and  corrofive  vapours  are  to  be  contained,  wemuft 
then  have  recourfe  to  the  lute  called  fat  lute.  This  lute  is  made  by  forming  in.to 
a pafte  fome  dried  clay  finely  powdered,  fifted  through  a filken  fearce,  and 
moiftened  with  water,  and  then  by  beating  this  pafte  well  in  a mortar  with  boiled 
linfeed  oil,  that  is,  oil  which  has  been  rendered  drying  by  litharge  diflolved  in 
it,  and  fit  for  the  ufe  of  painters.  This  lute  eafily  takes  and  retains  the  form 
given  to  it.  It  is  generally  rolled  into  cylinders  of  a convenient  fize.  Thefe 
are  to  be  applied,  by  flattening  them,  to  the  joinings  of  the  veffels,  which  ought 
to  be  perfe&ly  dry,  becaufe  the  leaft  moifture  would  prevent  the  lute  from  ad- 
hering. When  the  joinings  are  well  clofed  with  this  fat  lute,  the  whole  is  to  be 
covered with  flips  of  linen  fpread  with  lute  of  lime  and  whites  of  eggs.  Thefe 
flips  are  to  be  faftened  with  pack-thread.  The  fecond  lute  is  neceflary  to  keep 
on  the  fat  lute,  becaufe  this  latter  remains  foft,  and  does  not  become  folid  enough 
to  flick  on  alone. 

LYCOPODIUM.  The  fine  dtift  of  lycopodium,  or  puff-ball,  is  called  by 
fome,  on  account  of  its  great  inflammability,  vegetable  fulphur.  The  puff-ball 
is  the  feed-veffel  of  a fpecies  of  mofs  named  by  Tournefort  Mufcus  fquamofus 
vulgaris  repens  clavatus;  and  the  duft  is  properly  the  feeds  of  the  plant.  There 
are  fundry  other  vegetables,  as  polypodies,  ferns,  corniferous  trees,  &c.  whofe 
feeds  are  like  a yellow,  impalpable  farina,  fo  fubtle  as  to  be  blown  away  by  the 
leaft  motion  of  air  : it  is  this  duft  which  has  given  rife  to  fome  reports  of  (bowers 
of  brimfione. 

The  duft  of  lycopodium,  diffufed  or  ftrewed  in  the  air,  takes  fire  from  a 
candle,  and  burns  off  like  a flafh  of  lightning,  with  a confiderable  noife.  It  is 
ufed  in  the  London  theatres.  A quantity  laid  together  upon  burning  coals  does 
not  flame,  but  fmokes  away  with  a fetid  fmell : burned  in  a red-hot  crucible,  it 
leaves  a very  fmall  proportion  of  a light  cobweb-like  matter.  It  does  nor,  as 
fome  report,  take  fire  from  flint  and  fteel,  nor  explode  like  gunpowder ; nor 
does  it  feem  to  detonate  more  violently  with  nitre  than  other  inflammable  matters 
do.  Olearius  relates,  that  the  Ruffians  employ  much  of  it  in  fire-works,  but  does 
not  inform  us  in  what  manner. 

There  is  a curious  experiment  of  taking  a (hilling  from  the  bottom  of  a veffel 
of  water  without  wetting  the  hand.  It  is  faid  to  be  done  by  firewing  a fmall 
quantity  of  the  duft  of  lycopodium  on  the  furface  of  the  water,  which  it  fo 
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Strongly  repels,  as  to  form  a covering  for  the  hand,  and  defend  it  from  the  contad 
•of  the  water. 

Neumann  examined  this  fubftance.  It  appears  to  contain  a refinous  matter, 
•nd  an  oily  one  of  the  expreffible  kind,  intimately  combined  together,  fo  as  to 
be  both  extracted,  at  lead  in  part,  by  rectified  fpirit  of  wine  : on  infpiflating  the 
tindure,  the  oil  feparated,  remained  permanently  fluid,  and  would  not  unite 
again  even  with  the  refinous  extrad:  it  is  remarkable  that  pure  fpirit  would  no 
longer  touch  this  refin  any  more  than  the  oil.  The  quantity  thus  extracted  from 
an  ounce  of  the  powder  amounted  only  to  a dram  : water  did  not  take  up  near 
fo  much;  it  was  with  great  difficulty  he  obtained  by  water  eight  grains  of  extrad 
from  an  ounce.  Both  the  water  and  fpirit  arofe  indiftillation  unchanged. 

By  deftrudive  diftillation  in  an  open  fire,  he  gained  a large  proportion  of  em- 
pyreumatic  oil,  no  lefs  than  two  ounces  and  a half  from  four : this  was  preceded, 
not  by  an  acid  liquor,  which  molt  vegetables  yield  on  the  fame  treatment,  but  by 
an  alkaline  one:  the  black  coal  remaining  in  the  bottom  of  the  diftilling  veflel 
weighed  five  drams. 


MACE,  one  of  the  exterior  coverings  of  the  nutmeg,  is  at  firft  of  a purplifh 
red  colour,  which  changes  before  it  arrives  among  us  to  an  orange  yel- 
low, and  by  long  keeping  grows  paler  and  paler.  Mace  is  a warm  aromatic, 
like  the  nutmeg,  accompanied  with  a degree  of  bitteriflinefs ; and  like  that  fpice 
alfo  contains  both  an  eflential  and  expreffible  oil. 

From  fixteen  ounces  of  mace,  Neumann  obtained  with  redified  fpirit  four 
ounces  and  a half  of  extrad,  which  retained  fome  of  the  expreffible,  and  the 
more  ponderous  part  of  the  eflential  oil,  the  lighter  arifing  towards  the  end  of  the 
infpiflation,  and  impregnating  the  diftilled  fpirit : from  the  refiduum  were  ob- 
tained two  ounces  and  a half  of  gummy  extrad,  with  five  drams  of  eflential  oil, 
which  arofe  during  the  infpiflation,  and  funk  to  the  bottom  of  the  diftilled  water: 
the  refiduum  gave  with  redified  fpirit  three  ounces  of  an  oily  extrad,  eight 
ounces  and  a half  remaining  undiffolved.  The  watery  extrad  has  an  unpleafant 
fomewhat  faline  tafte,  which  that  of  nutmegs  has  nothing  of.  On  expreffion, 
mace  yields  an  oil  lefs  confident  than  that  of  nutmegs,  and  which  is  ufually 
brought  from  the  Eaft  Indies  in  glafs  or  porcelane  veflels. 

MACERATION.  The  fteeping  of  a body  in  a cold  liquor.  It  does  not 
differ  from  DiotsrtoN,  excepting  that  the  term  is  never  ufed  when  the  tempe- 
rature of  the  mafs  is  raifed  beyond  that  of  the  furrounding  air.  It  is  obvious  that 
maceration,  or  digeftion  without  heat,  rauft  be  ufed  in  all  requifite  cafes  wherein 
the  fugitive  nature  of  fome  of  the  component  parts  of  the  fubjed  of  examination, 
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or  its  difpofition  to  become  changed  by  heat,  renders  the  procefs  of  digeftion, 
afflfted  by  heat,  unfavourable  to  the  intended  analyfis. 

MADDER.  The  following  article  is  chiefly  extracted  from  Bertholletvs 
Treatife  on  Dyeing.  Madder,  a fubftance  very  extenfively  employed  in  dyeing,  is 
the  root  of  a plant  which  Linnaeus  divides  into  two  fpecies ; the  firft,  rubia 
tin&orum  foliis  fenis ; the  fecond,  rubia  peregrina  foliis  quaternis.  Of  the  firfl 
there  are  two  varieties,  the  cultivated  madder  and  the  wild  madder,  called  alfo 
rubia  fylveflris  monfpeffulana  major. 

Although  madder  will  grow  both  in  a ftiff  clayey  foil,  and  in  fand,  it  fucceeds 
better  in  a moderately  rich,  fofc,  and  fomewhat  fandy  foil  : it  is  cultivated  in 
many  of  the  provinces  of  France,  in  Alface,  Normandy,  and  Provence:  the 
bell  of  European  growth  is  that  which  comes  from  Zealand. 

There  are  various  methods  of  cultivating  and  preparing  madder,  and  many 
treatifes  have  been  written  on  the  fubjedt : that  of  M.  Duhamel  may  be  con- 
fulted,  but  more  particularly  that  of  M.  Le  Pileur  d’Apligny,  publilhed  at 
the  end  of  his  Art  of  Dyeing  Threads  and  Cotton  Stuffs. 

The  madder  prepared  for  dyeing  is  diftinguifhed  into  different  forts : that  ob- 
tained from  the  principal  roots  is  called  grape  madder  (garance  grape);  the 
non  grape  is  that  which  is  produced  from  the  ftalks,  which  by  being  buried  in 
the  earth  are  transformed  into  roots,  and  are  called  layers  (couchis):  each  of 
thefe  kinds  is  fub-divided  into  robee,  mi-robee,  non-robee,  fhort,  or  mull, 
(mule). 

When  the  madder  roots  are  gathered,  the  layers  are  feparated  from  them,  to 
form  the  non  grape  ; and  fuch  of  the  fibres  of  the  roots  as  do  not  exceed  a certain 
degree  of  thicknefs  are  added,  as  are  alfo  tliofe  roots  which  are  too  thick,  and 
which  contain  a great  deal  of  heart  or  ligneous  part : the  belt  roots  are  about 
the  thicknefs  of  a goofe  quill,  or  at  moll  of  one’s  little  finger;  they  are  femi- 
tranfparent,  and  of  a reddifh- colour  ; they  have  a ftrong  fmell,  and  the  bark  is 
fmooth. 

When  the  madder  is  gathered  and  picked,  it  mull  be  dried,  in  order  to  render 
it  fit  for  grinding  and  being  preferved  : in  warm  climates  it  is  dried  in  the  open 
air;  in  Holland,  by  means  of  ftoves,  which  fometimes  communicate  too  great 
a degree  of  heat,  and  change  its  colour  by  an  admixture  of  fuliginous  particles. 
Hell  ot  aferibes  the  fuperionty  of  the  madder  which  comes  from  the  Levant,  to 
the  circumftance  of  its  having  been  dried  in  the  open  air. 

After  the  root  has  been  dried,  it  mull  be  (haken  in  a fack,  or  lightly  beaten 
on  a wooden  hurdle,  after  which  it  raull  be  fifted  or  winnowed.  In  this  waf  the 
earth  is  feparated  from  it,  and  the  billon  is  removed,  a name  by  which  the  final! 
roots  and  their  bark  are  diftinguilhed.  After  this,  nothing  remains  but  to  re- 
duce it  to  powder,  which  may  be  done  by  a vertical  millftone,  or  by  peftles,  or 
even  by  a common  fnuff-mill. 

All  the  parts  of  the  madder  cannot  be  powdered  with  equal  facility ; the  outer 
bark  and  ligneous  parts  are  more  eafily  pounded  than  the  parenchymatous  parts. 
Advantage  is  taken  of  this  circumftance  in  order  to  feparate  thole  parts,  as  they 
do  not  all  give  the  fame  colour;  the  outer  bark,  as  well  as  the  wood  within,  af- 
fords a yellowilh  colour,  which  fpoils  the  red  we  wifh  to  obtain.  This  leparation 
eftablifhed  the  diftindtion  of  madder  into  robee,  mi-robee,  and  courte.  After 
the  fiift  operation  of  the  mill,  the  madder  is  paffed  through  a fieve,  with  a 
cover  fitted  to'  it,  by  which  means,  what  is  called  the  Ihort  madder,  which  is 
intended  for  tan  and  mordore  colours,  is  obtained ; the  remainder  is  again  ground 
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and  lifted,  and  thus  the  mi-robee  is  obtained ; and  a third  operation  affords  the 
robee.  The  madder  thus  powdered- is  to  be  preferved  in  a dry  place,  well  pasked 
in  calks,  where  from  its  natural  undtuofity  it  concretes  into  lumps. 

Mr.  Beckmann  * agrees  with  Mr.  Hellot  in  opinion,  that  the  heat  of  ftoves 
injures  the  colour  of  madder,  and  that  it  would  be  better  to  dry  it  in  the  air 
only,  the  effed  of  which  might  be  promoted  by  various  means.  He  finds  that 
common  ovens,  immediately  after  the  bread  is  taken  out,  may  be  ufed  inftead 
of  the  Dutch  ftoves,  when  artificial  heat  is  to  be  employed.  M.  D’Ambourney  -f- 
has  made  fome  interefting  experiments  on  madder ; he  thinks,  that  the  frelh  root 
may  be  ufed  in  dyeing,  with  as  much  advantage  as  the  powdered.  He  obferved 
that  four  pounds  of  the  frelh  are  equal  to  one  of  the  dried,  although  in  the  dry- 
ing feven-eighths  of  its  weight  are  loft ; the  expence  of  ftoving,  packing,  and 
lifting  is  faved ; and  it  is  only  neceflary  to  take  care  that  the  roots  be  thoroughly 
walked  in  a current  of  water  as  foon  as  they  are  taken  out  of  the  ground ; they 
are  afterwards  cut  into  pieces,  and  bruifed  by  the  vertical  mill.  In  dyeing  with 
the  frelh  roots,  on  account  of  the  quantity  of  water  they  contain,  we  muft  take 
care  not  to  put  too  much  water  into  the  bath.  Mr.  Beckmann  fubfcribes  to  M. 
D'Ambourney’s  opinion,  though  he  has  conftantly  made  one  obfervation  which 
feems  to  contradid  it,  that  madder  is  more  fit  for  dyeing,  after  having  been  pre- 
ferved for  two  or  three  years,  than  when  frelh. 

In  the  neighbourhood  of  Smyrna,  and  in  the  ifiand  of  Cyprus,  a kind  of 
madder  is  cultivated,  which  affords  a more  lively  red  than  that  raifed  in  Europe  ; 
on  which  account,  it  is  employed  in  the  preparation  of  the  Adrianople  red.  In 
the  countries  where  it  grows  it  is  called  chioeborza,  and  hazala,  but  it  is  com- 
monly known  by  the  name  lizari.  It  is  now  cultivated  in  Provence,  and  Mr. 
Beckmann  has  raifed  it  with  great  fuccefs  at  Gottingen. 

The  red  colouring  matter  of  madder  may  be  diffolved  in  alcohol,  and  on 
evaporation,  a refiduum  of  a deep  red  is  left.  Fixed  alkali  forms  in  this  folution 
a violet,  the  vitriolic  acid  a fawn-coloured,  and  the  vitriolated  tartar  a fine  red 
precipitate.  Precipitates  of  various  lhades  may  be  obtained  by  alum,  nitre,, 
chalk,  fugar  of  lead,  and  the  marine  fait  of  tin. 

When  madder  is  macerated  in  feveral  portions  of  cold  water  fucceffively,  the 
laft  receives  only  a fawn  colour,  which  appears  entirely  different  from  the  pecu- 
liar colouring  particles  of  this  fubftance,  and  refembles  that  which  is  extraded 
from  woods  and  other  roots : this  fawn-coloured  fubftance  does  not  perhaps  be- 
long .to  the  pulp,  but  is  peculiar  in  the  ligneous  and  cortical  parts. 

After  Berthollet  had  by  repeated  boiling  exhaufted  the  madder  of  fuch  co- 
louring parts  as  are  foluble  in  water,  it  ftill  retained  a deep  colour,  and  alkali 
extraded  from  it  much  colouring  fubftance:  the  refiduum  which  ftill  remained 
coloured  was  very  inconfiderable  ; fo  that  the  pulp  appears  to  be  entirely  com- 
pofed  of  colouring  matter,  a large  part  of  which  is  not  foluble  in  fimple  water. 

Aerated  muriatic  acid,  employed  in  fufficient  quantity  to  change  an  infufion 
of  madder  from  a red  to  a yellow  colour,  produces  a fmall  quantity  of  a very 
pale  yellow  precipitate;  and  the  fupernatant  liquor  is  tranfparent,  retaining  a 
greenilh  yellow  colour,  more  or  lefs  deep  according  to  the  quantity  and  ftrength 
of  the  aerated  muriatic  acid. 

The  quantity  of  this  liquor  required  to  deftroy  the  colour  of  a decodion  of 
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madder,  is  double  what  is  neceflary  to  deftroy  that  of  a decodion  of  an  equal 
weight  of  brafil  wood  ; which  proves  that  the  colouring  particles  of  madder  are 
much  better  calculated  to  refill  the  influence  of  the  air,  than  thofe  of  brafil  wood. 
They  would  be  eafily  changed,  however,  if  not  rendered  fixed,  by  mordants.  On 
this  fubjed,  Berthollet  relates  fome  experiments  made  by  the  celebrated  Mr*. 
Watt  upon  the  bed  Zealand  madder,  and  communicated  to  him. 

A.  This  madder  is  of  a brownilh  orange  colour,  and  of  the  confidence  of  a 
eoarfe  powder,  pofle  fling  a flight  degree  of  cohefion ; it  attrads  moidure,  in 
which  cafe  itlofes  its  properties,  fo  as  to  become  unfit  for  the  purpofes  of  dyeing. 

B.  With  water  it  affords  an  infufion  of  a brownilh  orange  colour;  its  colour 
cannot  be  extraded  without  a copious  addition  of  water.  Margraff  direds  three 
quarts  off  water  for  two  ounces  of  madder.  Its  colouring  particles  may  be  er- 
traded  either  by  hot  or  cold  water;  to  the  latter  it  appears  to  give  a more  beau- 
tiful colour ; its  decodion  is  brownilh. 

C.  When  an  infufion  or  decodion  of  this  drug  is  flowly  evaporated  in  an  open 
vefiel,  a pellicle  is  formed  on  the  furface,  which  gradually  falls  to  th$  bottom ; 
after  which  frelh  pellicles  are  fucceffively  formed  until  the  evaporation  is  finilhed. 

D.  The  extrad  thus  prepared  is  of  a dark  brown;  it  partly  diflolves  in  water, 
to  which  it  communicates  a lightilh  brown  colour. 

E.  The  infufion  fet  to  digeft  for  fome  days  in  an  open  vefiel,.  which  Ihould 
be  of  fuch  a height  that  the  liquor  reduced  to  the  form  of  vapour  may  fall 
back  again,  depofits  dark  brown  pellicles.  The  liquor  remains  of  a brownilh 
colour,  and  the  pellicles  are'foluble  in  water,  but  with  difficulty. 

F.  Alum  forms  in  the  infufion  B a deep  brownifh  red  precipitate,  compofed 
of  pellicles,  and  the  fupernatant  liquor  is  of  a yellow  colour  inclining  to  brown. 

G.  Mixed  alkalis  precipitate  from  this  lad  liquor  a lake  of  a blood  red  colour, 
which  has  greater  or  lefs  intenfity,  according  to  the  quantity  of  alum  that  has 
been  difiolved  in  it.  In  this  way,  a blood  red  lake  may  be  obtained  ; but  we 
cannot,  by  any  means  hitherto  known,  give  it  the  brightnefs  of  cochineal  lake: 
in  oil  it  is  transparent,  but  in  water  it  is  opake  and  without  beauty. 

H.  If  a Superabundant  quantity  of  alkali  be  employed,  the  precipitate  is  re- 
diflolved,  and  the  liquor  becomes  red. 

I.  The  lake  precipitated  by  vegetable  alkali  is  of  a more  beautiful  colour  than 
that  by  the  mineral  alkali. 

K.  Calcareous  earth  precipitates  a more  dark  and  brown  coloured  lake  than 
alkalis,  particularly  if  it  forms  lime  water. 

L.  If  a few  drops  of  alkali  are  added  to  the  water  employed  in  making  the 
infufion  B,  the  infufion  extrads  many  colouring  particles  of  a deep  red  border- 
ing on  brown,  ift.  Alum  precipitates  a deep  brown  lake  from  this  infufion. 
idly.  Acids  added  in  fmall  quantity  change  it  to  a yellowifh  colour,  and  in 
greater  quantity  render  it  a brown  yellow,  but  they  precipitate  nothing  from  it. 
3dly.  This  infufion]  evaporated  to  drynefs  forms  a gummy  extrad,  which  eafily 
diflolves  in  water. 

M.  If  the  infufion  B be  made  with  water  very  flightly  acidulated  with  a mi- 
neral acid,  it  is  yellowifh.  1 ft.  This  liquor  by  long  digeflion  becomes  of  a 
greenilh  brown,  and  the  yellow  appears  to  be  deftroyed.  2dly.  The  addition  of 
an  alkali  reftores  the  red  colour,  and  the  infufion  then  affords,  on  evaporation,  aa. 
extrad  which  readily  diflolves  in  water. 

N.  If  mild  magnefia  be  added  to  the  water  ufed  for  the  infufion  B,  the  infufion 
is  of  a dear  blood  red,  and  on  evaporation  forms  a blood  red  extrad:,..  which 
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readily  diffolves  in  water,  id.  A folution  of  this  extrafl,  which  is  employed  as  a 
red  ink,  when  expofed  to  the  light  of  the  fun  becomes  yellow.  2dly.  Alum 
precipitates  from  this  infufion  a fmall  quantity  of  an  ill-coloured  lake.  3 d 1 y . 
Alkalis  give  it  a redder  and  more  fixed  colour. 

O.  If  the  infufion  be  made  with  a folution  of  alum,  it  is  of  an  orange  yellow. 
This  infufion  precipitated  by  an  alkali,  affords  a lake  refembling  that  of  F,  but 
its  colour  is  not  fo  good. 

P.  A folution  of  fugar  of  lead  added  to  the  infufion  B,  forms  a brownifii  red 
precipitate,  ift.  A folution  of  mercury  in  the  nitrous  acid,  gives  a purple  brown 
precipitate.  2dly.  A folution  of  vitriol  of  iron,  a fine  bright  brown  precipitate. 
3dly.  A folution  of  vitriol  of  zinc  has  not  been  tried.  4thly.  A folution  of  vitriol 
of  manganefe,  a purple  brown  precipitate.  5 th  1 y . A folution  of  iron  in  aqua- 
regia  has  not  been  tried. 

Q.  The  infufion  B being  mixed  while  hot  with  the  infufion  of  cochineal,  a 
hrownifh  red  precipitate,  bordering  on  a deep  purple,  was  formed,  of  difficult 
folubility  in  water;  by  continuing  the  digeftion,  a greater  quantity  of  this  preci- 
pitate appeared,  ift.  A pattern  foaked  in  the  preparation  which  the  linen  printers 
ufe,  having  been  dyed  in  this  mixture,  took  a brownifh  red  colour ; and  after 
having  been  boiled  in  a folution  of  foap,  the  colour  appeared  pretty  good. 
2dly.  The  folution  of  foap  became  very  red,  but  communicated  a very  indiffe- 
rent colour  to  paper. 

Wool  would  receive  from  madder,  as  has  been  already  Hated,  only  a perifhable 
colour,  if  its  colouring  particles  were  not  fixed  by  a bafe  which  occafions  them 
to  combine  with  the  fluff  more  intimately,  and  which  in  fome  meafuj'e  defends 
them  from  the  deftrudlive  influence  of  the  air.  For  this  purpofe,  the  woollen 
fluffs  are  firft  boiled  for  two  or  three  hours  with  alum  and  tartar,  after  which  they 
are  left  to  drain  ; they  are  then  flightly  wrung  and  put  into  a linen  bag,  and 
carried  into  a cool  place,  where  they  are  fuffered  to  remain  for'fome  days. 

The  quantities  of  alum  and  tartar,  as  well  as  their  proportions,  vary  much  in 
different  manufactories.  Heliot  recommends  five  ounces  of  alum  and  one  ounce 
of  tartar  to  each  pound  of  wool;  if  the  proportion  of  tartar  be  increafed  to  a 
certain  degree,  inftead  of  a red,  a deep  and  durable  cinnamon  colour  is  pro- 
duced, becaufe,  as  we  have  feen,  acids  have  a tendency  to  give  a yellow  tinge  to 
the  colouring  particles  of  madder.  Mr.  Poerner  fomewhat  diminiflies  the  propor- 
tion of  tartar,  he  diredls  that  it  fhould  be  only  one  feventh  of  the  alum  ; Scheffer, 
on  the  contrary,  direfts  that  the  quantity  of  tartar  fhould  be  double  that  of  the 
-alum;  but  Berdiollet  found  that,  by  employing  one  half  tartar,  the  colour  fenfibly 
bordered  more  on  the  cinnamon  than  when  the  proportion  was  only  one- fourth 
of  the  alum. 

In  dyeing  with  madder,  the  bath  muff  not  be  permitted  to  boil,  becaufe  that 
degree  of  heat  would  diffolve  the  fawn-coloured  particles,  which  are  lefs  foluble 
than  the  red,  and  the  colour  would  be  different  from  that  which  we  wifh  to  ob- 
tain. 

When  the  water  is  at  a degree  of  heat  which  the  hand  can  bear,  Heliot  di- 
redls.  us  to  throw  in  half  a pound  of  the  befl  grape  madder  for  each  pound  of 
wool  to  be  dyed,  and  to  ffir  it  well  before  the  wool  is  put  in,  which  imift  remain 
for  an  hour  without  boiling ; but  in  order  to  be  more  certain  of  the  dye,  it  may 
be  boiled  for  four  or  five  minutes  towards  the  end  of  the  operation.  Mr.  Beck- 
mann advifes  the  addition  of  a little  alkali  ro  the  madder  bath  ; Berthollet  ap- 
proves the  plan  in  the  dyeing  of  thread  and  cottons. 
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By  this  procefs  reds  are  obtained,  which  are  never  fo  beautiful  as  thofe  produced 
even  by  kermes,  much  lefs  thofe  from  lake  and  cochineal ; but  as  they  cod  but 
little,  they  are  ufed  for  common  low-priced  (luffs.  The  madder  reds  are  fome- 
times  rofed  with  archil  and  brafil  wood,  in  order  to  render  them  more  beautiful 
and  more  velvety ; but  the  brightnefs  given  them  in  this  way  is  not  lading. 

The  quantity  of  madder  which  Mr.  Poerner  employs,  is  only  one  third  of  the 
weight  of  the  wool,  and  Scheffer  advifes  only  one  fourth.  Mr.  Poerner  fays, 
that  having  added  to  the  alum  and  tartar,  a quantity  of  folution  of  tin  of  equal 
weight  with  the  tartar,  and,  after  two  hours  boiling,  having  let  the  cloth  remain 
in  the  bath  that  had  been  left  to  cool  for  three  or  four  days,  he  dyed  it  in  the 
ufual  way,  and  obtained  a pleafing  red.  He  defcribes  another  procefs,  in  which,, 
after  having  prepared  the  cloth  by  the  common  boiling,  he  dyed  it  in  a bath  but 
flightly  heated  with  a larger  quantity  of  madder,  tartar,  and  folution  of  tin ; he 
let  the  cloth  remain  twenty-four  hours  in  the  bath,  and  after  it  had  become  cold, 
he  put  it  into  another  bath  made  with  madder  only,  and  there  left  it  for  twenty- 
four  hours:  in  this  way  he  obtained  a pleafing  red,  fomewhat  clearer  than  the 
common  red,  and  bordering  a little  on  a yellow.  According  to  Scheffer,  by 
boiling  wool  with  a folution  of  tin,  the  quantity  of  which  he  does  not  mention, 
with  one  fourth  of  alum,  and  by  dyeing  with  one  fourth  of  madder,  an  orange 
red  is  obtained. 

Bergmann  fays,  that  if,  without  boiling  the  wool,  ifbe  dyed  with  one  part  of 
a folution  of  tin,  and  two  parts  of  madder,  it  acquires  a cherry  colour,  which 
when  expofed  to  the  air  acquires  a deeper  tinge. 

If  wool  be  boiled  for  two  hours  with  one  fourth  of  vitriol  of  iron,  then  wafhed, 
and  afterwards  put  into  cold  water  with  one  fourth  of  madder,  and  then  boiled 
for  an  hour,  a coffee  colour  is  produced.  Bergmann  adds,  that  if  the  wool  has 
not  been  foaked,  and  if  it  be  dyed  with  one  part  of  vitriol  of  iron  and  two  of 
madder,  the  brown  obtained  borders  upon  a red. 

According  to  thefe  chemifts,.  by  employing  vitriol  of  copper  as  a mordant, 
we  obtain  from  madder  a clear  brown  bordering  on  yellow.  A colour  of  the 
fame  kind  will  be  produced,  by  dyeing  the  wool  fimply  foaked  in-hot  water,  with 
one  part  of  vitriol  of  copper  and  two  of  madder:  if  equal  parts  of  thele  two 
fubflances  be  ufed,  the  yellow  will  be  fomewhat  more  obfcure,  bordering  on  a 
green;  in  both  thefe  cafes,  the  colour  does  not' become. darker  by  expoiure  to 
the  air. 

Berthollet  employed  a folution  of  tin  in  various  ways,  both  in  the  preparation 
and  in  the  maddering  of  cloth.  He  ufed  different  folutions  of  tin,  and  found 
that  the  tint  was  always  more  yellow  or  fawn-coloured,  though  fomecimes  brighter 
than  that  obtained  by  the  common  procefs. 

Madder  does  not  afford  a colour  diffidently  bright  for  dyeing  filk ; but  De  la 
Folie  has  given  us  a procefs  for  employing  it  for  this  purpofe. 

Half  a pound  of  alum  is  to  be  diffolved  in  each  quart  of  hot  water,  to  which 
two  ounces  of  pot-afh  are  to  be  added:  after  the  effervefcence  has  ceafed,  and 
the  liquor  has  begun  to  grow  clear,  the  filk  mud  be  foaked  in  it  for  two  hours  ; it 
is  then  to  be  wafhed,  and  put  into  a madder  bath.  Silk  dyed  in  this  way  becomes 
more  beautiful  by  the  foap  proof  *.  Scheffer  gives  us  a fomewhat  different  pro- 
cefs; the  filk  is  to  be  alumed  in  a folution  of  four  ounces  of  alum  with  fix  drams 
of  chalk  for  each  pound  of  fcoured  filk ; whena fediment  is  formed,  thefolutrcm. 
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is  to  be  decanted  j and  after  hiving  become  quite  cold,  the  filk  is  to  be  put  into 
it,  and  to  be  left  eighteen  hours;  it  is  then  to  be  taken  out  and  dried,  after  which 
it  is  to  be  dyed  with  an  equal  weight  of  madder,  when  it  takes  a pretty  good, 
but  rather  dark  red.  Mr.  Gulichealfo  defcribes  a procefs  for  dyeing  fiik  with 
madder*;  for  one  pound  of  filk  he  orders  a bath  of  four  ounces  of  alum,  and 
one  ounce  of  a folution  of  tin;  the  liquor  is  to  be  left  to  fettle,  when  it  is  to  be 
decanted,  and  the  filk  carefully  foaked  in  it,  and  left  for  twelve  hours ; and  after 
this  preparation,  it  is  to  be  iinmerfed  in  a bath  containing  half  a pound  of  mad- 
der foftened  by  boiling  with  an  infufion  of  galls  in  white  wine;  this  bath  is  to  be 
kept  moderately  hot  for  an  hour,  after  which  it  is  to  be  made  to  boil  for  two 
minutes.  When  taken  from  the  bath,  the  filk  is  to  be  wafhed  in  a ftream  of 
water,  and  dried  in  the  fun.-  Mr.  Guliche  compares  the  colour  thus  obtained, 
which  is  very  permanent,  to  the  Turkey  red.  If  the  galls  are  left  out,  the  colour 
is  clearer.  A great  degree  of  brightnefs  may  be  communicated  to  the  firft  of 
thefe,  by  afterwards  puffing  it  through  a bath  of  brafil  wood,  to  which  one  ounce 
of  folution  of  tin  has  been  added  : the  colour  thus  obtained,  he  fays,  is  very 
beautiful  and  durable. 

Madder  is  ufed  for  dyeing  linen  and  cotton  red,  and  even  for  giving  them 
many  other  colours  by  means  of  different  admixtures;  it  is  the  moft  ufeful  of  all 
the  colouring  fubftances  employed  in  this  kind  of  dyeing.  It  is  proper  to  enter 
into  a fomewhat  minute. detail  of  the  different  means  by  which  this  kind  of  dye 
may  be  rendered  more  certain,  more  beautiful  and  varied.  Thread  does  not  fo 
eafily  take  a colour  from  madder  as  cotton,  but  the  proceffes  which  fucceed  beft 
for  the  one  are  likewife  preferable  for  the  other. 

The  madder  red  of  cotton  is  diflinguifhed  into  two  kinds  : one  is  called  fi'mple 
madder  red  ; the  other,  which  is  much  brighter,  is  called  Turkey  or  Adrianople 
red,  becaufe  it  comes  from  the  Levant,  and  has  feldom  been  equalled  in  bright- 
nefs or  durability  by  our  artifts. 

Madder  reds  likewife  differ  very  much  in  brightnefs  and  permanency  according 
to  the  proceffes  employed.  We  are  indebted  to  Mr.  Vogler  for  fome  very  in- 
terefting  experiments  on  this  fubjecl.  He  firft  confiders  the  mordants,  and  after- 
wards the  preparation  of  the  madder  bath  -f-. 

The  firft  mordant  he  tried,  confifted  of  a folution  of  three  drams  of  Roman 
alum  in  fourteen  ounces  of  water.  Thread  and  cottons  boiled  for  fome  minutes 
in  this  folution,  and  afterwards  paffed  through  the  different  madder  baths,  which 
will  be  hereafter  defcribed,  took  a flight  poppy-coloured  red.  Our  author  ob- 
served in  this,  and  many  other  experiments,  that  Roman  alum  was  much  better 
.than  common  alum,  and  gave  greater  brightnefs  to  the  colours.  He  alwa)^  ufed 
yellowifh  thread  and  cotton,  which  he  firft  leyed,  then  wafhed  and  dried. 

The  above  proportion  of  alum  appeared  to  him  the  beft ; yet  though  he  re- 
peated thealuming  three  times,  he  was  not  able  to  gi  /e  the  thread  and  cotton  a 
good  colour.  The  addition  of  the  fmalleft  quantity  of  any  kind  of  acid  rendered 
at  .paler ; the  addition  of  arfenic  produced  no  effedt  ; fheep  and  cow-dung,  and 
album  grecum,  added  to  the  mordant,  as  alfo  urine  employed  inftead  of  water 
to  diffolve  the  alum,  contributed  fomewhat,  but  not  much,  to  ftrengthen  the 
colour.  Common  fait  and  fal-ammoniac  had  more  effedt,  but  thefe  falts  ren- 
dered the  colour  more  dull;  lime-water  adted  very  much  in  the  fame  way.  The 
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fubftances  which  had  the  beft  effedt  were  gum  arabic,  {larch,  fenugreek  feed,  and 
above  all,  glue.  The  author  fays  he  has  attempted  to  impregnate  thread  and 
cotton  with  fifh  oil,  hogs  lard,  and  olive  oil,  but  without  fuccefs.  The  gaftric 
juice  and  the  ferous  part  of  the  blood  of  animals  aft  like  the  glue. 

The  thread  and  cotton  may  be  foaked  alternately  in  a folution  of  glue  and  a 
folution  of  alum,  or  the  glue  may  be  diffolved  with  the  alum,  in  the  proportion 
of  from  one  dram  and  a half  to  four  drams,  with  the  quantity  of  alum  direfted. 
It  is  neceffary  to  choofe  fine  glue.  This  fubftance  ufed  with  alum  produces  a 
more  faturated  colour,  but  without  alum  the  red  is  dufky. 

The  marine  and  nitrous  falts  of  clay  not  only  produce  a more  intenfe  and 
durable  red  than  alum,  but  the  tint  is  pleafanter,  more  efpecially  when  the 
nitrous  fait  is  employed.  In  general,  marine  falts  render  the  colour  darker, 
more  faturated,  and  more  durable.  Corrofive  fublimate  produces  the  fame 
effedt. 

Having  diffolved  in  a ftrong  ley  of  pot-afh,  as  much  powdered  white  arfenic 
as  it  would  take  up  with  the  affiftance  of  heat,  and  mixed  this  folution,  which 
had  been  diluted  with  two  parts  of  water,  with  a faturated  folution  of  alum,  the 
mixture  became  turbid,  and  of  the  confiftence  of  jelly  ; it  recovered  its  tranfpa- 
rency  on  adding  gradually  a folution  of  alum. 

Thread  and  cotton  foaked  for  twelve  hours  in  this  mordant,  when  wafhed  and 
dried  received  from  madder  a beautiful  well  faturated  colour.  Thread  and  cot- 
ton, which  had  been  for  fix  hours  in  aqua  regia,  and  afterwards  walhed  and 
dried,  took  from  madder  a more  beautiful  and  durable  colour  than  that  which 
dyers  obtain  from  annotta;  fome  bad  madder,  by  means  of  this  mordant,  afford- 
ed a yellowifh  brown,  of  an  agreeable  fhade. 

This  colour  may  be  changed  into  a poppy-coloured  red,  which  may  be  com- 
pared with  the  mod  beautiful  colours  of  this  hue,  obtained  from  brafil  wood  and 
cochineal,  by  firft  foaking  the  ftuff  in  a folution  of  alum-  and  common  fait,  and 
boiling  it  a fecond  time  with  madder. 

Mr.  Vogler  macerated  for  a night  three  drams  of  pot-afh  with  an  equal  quan- 
tity of  common  madder  in  a pound  of  water ; he  then  applied  a boiling  heat,  and 
put  into  it  fome  thread  and  fome  cotton,  and  after  half  a quarter  of  an  hour’s 
boiling,  he  took  it  out,  rinfed  and  dried  it,  then  foaked  it  in  a folution  of  alum 
and  common  fait,  after  which  he  paffed  it  through  a folution  of  glue,  and  atlaft 
dipped  it  in  a madder  bath ; it  took  a fine  full  red. 

If  to  the  preparation  of  madder  and  pot-afh  annotta  be  added,  the  thread  and 
cotton  take  in  this  bath  a beautiful  orange  colour;  it  is  thus  that  the  dyers  in 
many  places  prepare  that  colour,  but  it  is  not  fo  durable  as  that  above  defcribed. 

If  inftead  of  pot-alb  Roman  alum  be  employed,  a colour  is  obtained  which  is 
at  firft  weak,  though  more  lively  than  with  the  pot-alb,  and  on  going  on  with 
the  procefs  a fine  full  red  is  obtained. 

By  giving  a weak  madder  colour  to  thread  and  cotton  that  have  been  alumed, 
by  afterwards  foaking  them  in  a folution  of  alum  and  fait,  impregnating  them 
with  glue,  and  dyeing  them  a fecond  time  in  a madder  bath,  they  take  a beauti- 
ful very  lively  red. 

The  red  of  thread  and  cotton  coloured  by  two  madderings  was  very  much 
weakened  by  the  nitrous,  vitriolic,  and  muriatic  acids,  diluted  with  two  parts  of 
water,  and  became  more  or  lefs  pale  and  yellow.  The  adlion  of  the  nitrous  acid 
was  the  mod  powerful,  and  that  of  the  muriatic  the  weakeft;  this  laft  turned  the 
colour  brown.  The  vegetable  acids  have  a much  weaker  adlion;  a folution  of 
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alum  powerfully  diffolved  the  colour,  rendered  it  clearer,  and  at  the  fame  time 
brighter;  pot-afh  and  lime-water  have  the  property  of  extrading  much  of  its 
colour,  and  changing  it  to  a deep  red. 

Galls  difpofe  thread  and  cotton  to  receive  the  madder  colour.  Mr.  Vogler’s 
preparation  for  galling  confided  of  five  drams  of  black  galls,  kept  for  twenty- 
four  hours  in  a pound  of  water,  which  was  then  boiled  for  ten  minutes,  and 
fometimes  he  added  fix  drams  of  common  fait.  The  galled  thread  and  cotton, 
after  having  received  the  mordants  of  alum  and  fait,  took  with  the  madder  a per  - 
fedly  fatorated  colour,  but  which  was  of  a dark  red.  Thread  and  cotton  fuc- 
ceffively  impregnated  with  a folution  of  tin  and  glue,  deeped  in  an  infufion  of 
cochineal  and  galls,  walhed  and  dried,  and  afterwards  impregnated  with  the 
alum  and  fait  mordant,  and  lad  of  all  dyed  in  a madder  bath,  received  an  un- 
commonly beautiful  colour,  which  was  very  bright  and  confiderably  durable. 
The  mordant  of  alum  and  corrofive  fublimate,  and  that  of  alum  and  fait,  gave  a 
fomewhat  deeper  colour. 

Mr.  Vogler  was  equally  fuccefsful,  when  indead  of  galls  he  ufed  feveral  other 
vegetable  adringents,  fuch  as  the  ground  bark  of  the  alder  and  oak,  the  pow- 
dered bark  of  walnut-tree  root,  flowers  and  bark  of  pomegranate,  the  leaves, 
bark,  and  tops  of  the  fumach.  He  made  many  experiments  with  metallic  and 
earthy  falts,  all  of  which,  except  the  aluminous  and  the  folution  of  tin,  appeared 
to  him  to  be  but  little  adapted,  or  entirely  hurtful  in  the  dyeing  of  red  : the  prin- 
cipal refults  were  as  follow  : 

The  folution  of  nitre  of  lead  employed  as  a mordant,  produced  a very  loaded 
dirty,  red  inclining  to  brown.  In  general,  folutions  of  lead  ufed  as  mordants  for 
thread  and  cotton,  difpofe  them  abundantly  to  receive  colours  from  all  vegetable 
colouring  fubftances,  but  they  have  always  a dark  and  dirty  appearance.  Thefe 
mordants  may  be  employed  for  brown  or  black  colours ; the  bad  brown  juft 
mentioned,  for  inftance,  will  change  to  a perfect  brown  of  a very  beautiful  (hade, 
if  pafled  through  a mordant  of  alum  and  fait,  and  boiled  a fecond  time  with 
madder.  Mr.  Vogler  obtained  a very  fine  black,  by  galling  thread  and  cotton 
impregnated  with  fait  of  lead,  and  then  putting  them  into  a folution  of  vitriol  of 
copper,  and  boiling  them  in  a bath  of  logwood. 

Cobalt  diffolved  in  aqua  regia  produced  a very  pleafant  colour  nearly  refem- 
bling  a very  faturated  violet.  A folution  of  vitriol  of  copper  gave  a bad  lilac. 
Verdegris  diffolved  in  vinegar  produced  the  fame  effedf. 

The  nitrous  folution  of  copper  produced  a much  more  beautiful  and  faturated 
colour. 

Thread  and  cotton  that  have  received  the  mordant  of  vitriol  of  copper  or  iron, 
take  in  the  madder  bath  a dirty  dull  violet  colour. 

Mr.  Vogler  having  added  the  alkaline  folution  of  arfenic  above  mentioned,  to 
a moderately  faturated  folution  of  vitriol  of  copper  or  iron,  produced  a turbid 
mixture  which  effervefced,  and  he  rendered  it  tranfparent  by  adding  vitriol  of 
iron.  Thread  and  cotton  impregnated  with  this  preparation  received  a beautiful 
faturated  puce  colour,  which  penetrated  them  deeply. 

The  nitrous  acid  marine  falts  of  iron  produced  a better  effect  than  the  vitriolic 
and  acetous  falts  of  the  fixme  metal.  They  afforded  a beautiful  well  faturated 
violet  colour.  The  alkaline  folution  of  arfenic  mixed  with  earthy  and  metallic 
falts,  generally  renders  them  better  mordants  for  all  colours.  This  likewife  ren- 
ders the  effedl  of  the  mordants  into  which  it  enters  more  lafting,  fo  that  theftuff 
impregnated  with  it  many  years  before,  maybe  dyed  without  difadvantage;  a 
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circumstance  we  do  not  remark  refpe&ing  any  other  mordant,  excepting  a folu- 
tion  of  tin.  Vitriol  of  zinc  afforded  a weaker  violet  than  vitriol  of  copper. 
Vitriol  of  lime  and  calcareous  nitre  produced  no  effect.  Vitriol  of  mangancfe 
difcovered  fome  though  but  little  aftion.  Mr.  Vogler  remarks,  that  it  is  alwavs 
necelfary  to  rinfe  the  cotton  and  thread  when  they  come  out  of  a mordant ; if  this 
precaution  be  negledled,  a weak  colour  only  is  frequently  obtained,  where  a Strong 
one  was  expedted,  becaufe  the  particles  of  the  mordant  difperfed  through  the 
bath,  combine  with  the  colouring  particles  and  are  precipitated  wuh  them;  this 
■precaution  is  efpecially  necefl'ary,  when  we  dye  with  fubftances  which  do  not 
contain  much  colouring  matter. 

Mr.  Vogler  prepares  the  madder  bath  in  different  ways.  He  put  three  d'ams 
of  madder  into  from  Sixteen  to  eighteen  ounces  of  water ; he  macerated  it  for 
twenty-four  hours,  then  boiled  it  for  a quarter  of  an  hour,  introduced  the  thread 
and  cotton,  and  boiled  them  for  half  a quar  er  of  an  hour;  he  afterwards  waihcd 
them  in  two  or  three  waters,  and  then  dried  them  in  the  Shade : he  remarks, 
that  the  colour  of  the  Stuff  is  taken  away  and  deftroyed  by  long  boiling. 

FreSh  urine  fubftituted  for  water  affords  more  lafting  colours ; but  in  Summer 
it  is  apt  to  become  very  foon  putrid,  So  as  to  render  the  infufion  incapable  of 
giving  the  dye. 

One  dram  of  Sheep’s  dung,  or  album  grecum,  produced  the  fame  effeft  as  the 
urine. 

Three  drams  of  common  fait,  or- one  dram  of  fal  ammoniac,  produced  a fuller 
but  lefs  bright  colour.  Vitriolated  tartar  and  nitre  had  no  effedt. 

Three  drams  of  white  fugar  afforded  a more  beautiful  and  faturated  colour; 
on  the  addition  of  four  drams  of  long  pepper,  it  was  found  to  have  become 
more  capable  of  refitting  the  nitrous  acid. 

One  dram  or  one  and  a half  of  ftarch  or  gum  arabic  thrown  into  the  bath 
juft  as  it  begins  to  boil,  and  before  the  cotton  is  put  in,  gives  a finer  and  more 
faturated  colour ; one  dram  of  fenugreek  feed  produced  very  nearly  the  fame 
effedl. 

If  in  the  beginning  of  the  digeflion  four  drams  of  Spanifh  pepper  are  added, 
we  obtain  from  the  liquor  colours  that  are  more  durable  than  the  preceding,  efpe- 
cially if  we  afterwards  add  three  drams  of  common  fait. 

From  one  ounce  to  one  ounce  and  a half,  of  glue,  in  the  Slate  of  jelly,  thrown  into 
the  liquor  as  the  ebullition  commences,  affords  a particularly  beautiful  full  colour; 
and  the  addition  of  three  drams  of  common  fait  not  only  renders  the  colour  more 
lafting,  but  preferves  the  infufion  from  becoming  putrid. 

The  moft  beautiful  colour  of  all,  however,  is  obtained  by  mixing  four  drams 
of  ox-gall  with  the  decodtion  ; but  at  the  fame  time  it  muft  be  obferved,  that 
this  colour  is  more  eafily  deftroyed  by  the  nitrous  acid  than  any  other. 

All  the  madder  baths,  except  thofe  prepared  with  urine,  glue,  and  animal 
dung,  may  be  preferved  for  a long  time  without  lofing  their  power.  Mr.  Vogler 
kept  Some  till  they  became  mouldy  and  foetid,  and  yet  they  dyed  very  well ; 
nay,  he  obferves  that  they  produced  more  durable  colours,  or,  at  leaft,  colours 
which  refilled  the  adlion  of  the  nitrous  acid  more  powerfully. 

On  putting  from  thirty-fix  to  forty  grains  of  cryftals  of  tartar  into  the  bath  juft 
as  the  linen  was  thrown  in,  the  colour  produced  was  found  capable  of  refilling 
the  nitrous  acid.  The  vitriolic,  nitrous,  and  muriatic  acids,  in  very  fmall  quan- 
tity, produced  the  fame  effedl ; in  too  large  a quantity,  they  weakened  the  colour 
and  rendered  it  pale.  One  dram  and  a half  of  powdered  alum  made  the  colour 
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finer,  but  not  more  durable;  twenty-four  drams  of  corrofive  fublimate  rendered 
it  more  obfcure,  but  more  permanent.  White  arfenic  employed  in  different 
proportions  never  occafioned  the  lead  change,  though  dyers  frequently  ufe  it  as 
well  as  orpiment,  with  a view  of  making  the  colour  more  durable. 

In  Mr.  Vogler’s  experiments,  cotton  always  took  the  colour  better  than  thread  ; 
the  difference  however  was  not  very  great,  when  he  employed  linen  or  hempen 
cloth  that  had  been  a little  worn,  and  that  had  become  foft'  to  the  touch,  and 
when  its  texture  was  loofe  and  the  thread  flightly  twifted. 

M.  Le  Pileur  d’Apligny  gives  a very  minute  defcription  of  the  procefs  em- 
ployed at  Rouen  for  dying  cotton  red;  it  is  as  follows: 

The  cotton  muft  be  fcoured,  galled  with  one  part  of  galls  to  four  of  the  cotton, 
after  which  it  muft  be  alumed  with  four  ounces  of  Roman  alum  to  one  pound 
of  cotton,  and  an  equal  weight  of  water;  to  the  folution  of  alum,  one  twentieth- 
part  of  a folution  of  foda,  confiding  of  half  a pound  of  foda  to  a quart  of  water, 
muft  be  added. 

Some  ufe  only  half  the  quantity  of  foda,  and  one  fixth  lefs  of  water,  which 
they  replace  by  a folution  of  tartar  and  arfenic.  M.  Le  Pileur  d’Apligny  thinks 
thefe  lad  ingredients  counteract  each  other.  We  have  feen  by  Mr.  Vogler’s  ex- 
periments, that  tartar  ufed  with  the  mordant  weakens  the  colour,  and  that  arfenic 
was  only  ufeful  when  combined  with  an  alkali. 

Others  add  fugar  of  lead,  or  the  marine  folution  of  tin.  M.  Le  Pileur 
d’Apligny  advifes  the  addition  of  fome  vinegar  to  the  fugar  of  lead,  in  order  to 
prevent  the  precipitation  which  is  formed,  when  it  is  diffolved  in  water. 

When  the  cotton  is  taken  out  of  the  mordant,  it  is  flightly  wrung  with  the 
pin  and  dried ; the  colour  is  more  beautiful  as  the  drying  is  flow.  They  gene- 
rally dye  only  twenty  pounds  of  cotton  at  a time  ; it  is  better  to  dye  even  only 
ten,  becaufe  when  too  great  a number  of  hanks  are  wrought  in  the  copper  it  is 
much  more  difficult  to  dye  them  equally. 

A copper  in  which  ten  pounds  of  cotton  are  to  be  dyed,  fhould  hold  about  two 
hundred  and  forty  quarts  of  water,  which  muft  be  heated ; when  almoft  too  hot 
for  the  hand,  fix  pounds  and  a quarter  of  good  Dutch  grape  madder  are  to  be 
added,  and  carefully  difperfed  through  the  bath.  When  it  is  well  mixed  with  it, 
the  cotton,  which  has  been  previoufly  put  upon  the  flicks  and  placed  at  the  edge  of 
the  copper,  is  to  be  immerfed  hank  by  hank.  All  the  cotton  being  put  into  the 
bath,  it  is  to  be  worked,  the  hanks  on  each  of  the  flicks  being  turned  for  three 
quarters  of  an  hour,  rtnd  the  bath  kept  conftantly  at  the  fame  degree  of  heat 
without  boiling.  At  the  expiration  of  this  time,  the  cotton  is  taken  out  and 
placed  on  the  edges  of  the  copper,  a pint  of  the  above  ley  of  foda  is  to  be  added 
to  the  bath  ; the  cotton  is  then  to  be  returned  into  the  bath,  and  boiled  from 
twelve  to  fifteen  minutes ; laftly,  it  is  to  be  taken  out  and  left  to  drain,  wrung, 
wafhed  in  a ftream  of  water,  and  wrung  on  the  pin  a fecond  time. 

Two  days  afterwards,  the  cotton  receives  a fecond  maddering  in  the  proportion 
of  eight  ounces  to  the  pound,  and  is  worked  about  as  in  the  firft  maddering, 
with  this  difference,  that  no  ley  is  added,  -and  that  well  water  is  employed  for  the 
bath : this  maddering  being  finifhed,  the  cotton  is  left  to  cool,  wafhed,  wrung, 
and  dried. 

M.  Le  Pileur  d’Apligny  does  not  think  this  method  of  dyeing  by  two  baths 
a good  one,  becaufe  it  requires  more  time  and  fuel,  and  becaufe  the  fecond 
maddering  cannot  fu mi (h  much  dye,  the  falts  of  the  mordant  having  been  ex- 
haufted  by  the  firft.  He  propofed  another  method,  in  which  he  fays  feveral 
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dyers  have  already  fucceeded;  it  confifls  in  aluming  the  cotton  twice,  and  then 
dyeing  it  by  one  bath  only. 

In  order  ro  render  this  red  more  lively,  a quantity  of  warm  water,  fufficient 
to  moiflen  the  cotton,  is  put  into  a caldron  or  vat,  into  which  about  a pint  of 
the  ley  is  to  be  poured ; the  cotton  is  to  be  foaked  in  this  bath,  pound  by  pound, 
left  there  for  a moment,  taken  out,  wrung,  and  dried.  According  to  M.  L,e 
Pileur  d’Apligny,  this  operation  is  ufelefs ; for,  as  the  red  cotton  is  intended  for 
making  fluffs,  from  whence  it  is  neceffary  to  feparate  the  preparation  when  they 
are  to  be  wrought,  the  colour  of  the  cotton  is  at  the  fame  time  rendered  more 
lively,  becaufe  it  is  paffed  through  warm  water  rendered  more  abtive  by  the  addi- 
tion of  a little  ley.  When  the  fluffs  are  taken  out  of  this  water,  they  are  wafhed 
in  a flream,  and  fpread  upon  the  grafs,  where  the  red  brightens  more  than  it 
would  do  by  any  other  operation. 

The  red  in  printed  fluffs  is  likewife  produced  by  madder,  but  it  mufl  be  fixed 
by  a mordant.  Mr.  Wilfon  defcribes  that  which  is  ufed  for  this  purpofe,  as 
follows : Jn  four  pounds  of  hot  water  (fome  employ  lime  water)  three  pounds 
of  powdered  alum,  and  one  pound  of  faccharum  faturni,  are  to  be  diffolved  ; 
this  folution  is  put  into  a veffel  fufficiently  large  to  allow  of  the  effervefcence 
which  takes  place,  and  two  ounces  of  powdered  chalk,  two  ounces  of  pot  afh, 
and  two  ounces  of  fublimate,  or  corrofive  fublimate,  are  to  be  added.  This 
mixture  mull  be  well  flirred  and  buffered  to  fettle ; the  clear  liquor  mufl  then  be 
decanted,  or,  which  is  better,  filtered. 

With  this  liquor,  coloured  with  the  decoblion  of  brafil  wood,  they  print,  and 
pafs  the  fluff  through  hot  water  in  which  cows  dung  has  been  diffufed,  in  order 
to  take  away  the  ftarch  or  gum,  ufed  to  give  conliflence  to  the  mordant;  they 
then  carefully  wafh  it,  and  put  it  into  a madder  bath.  All  the  fluff  becomes 
coloured,  but  that  which  has  not  been  fixed  by  the  mordant  is  deflroyed,  by 
alternately  boiling  with  bran,  and  expofureon  the  grafs. 

Mr.  Oberkamf  ufes  the  fame  ingredients  for  the  mordant,  except  that  he  does 
not  put  into  it  any  corrofive  fublimate.  We  have  feen  by  Mr.  Vogler’s  experi- 
ments, that  that  metallic  fait  rendered  the  colour  of  the  madder  more  durable, 
and  at  the  fame  time  deeper. 

The  reader  may  here  recollebl,  that  alum  is  decompofed  by  fugar  of  lead,  and 
that  there  refults  from  the  decompofition  an  acetite  of  alumine,  while  the  lead 
combined  with  the  fulphuric  acid  forms  an  infoluble  fait,  which  remains  in  the 
fediment.  The  alkali  and  the  chalk  ferve  to  take  up  the  fuperabundant  acid, 
which  would  weaken  the  colour  of  the  madder,  and  give  it  a yellow  tinge. 

Mr.  Wilfon  dire&s  the  ufe  of  this  mordant,  which  is  known  by  the  name  of 
printers  mordant,  and  which  is  the  fame  which  Mr.  Watt  refers  to  in  the  experi- 
ments above  mentioned,  relative  to  the  dying  cotton  red  : according  to  his  pro- 
cefs,  it  mufl  be  galled,  dried,  impregnated  with  the  mordant,  diluted  with  hot 
water,  dried  a fecond  time,  maddered,  wafhed,  and  dried  again. 

The  Adrianople  red  poffeffes  a degree  of  brightnefs,  which  it  is  difficult  for 
us  to  approach  by  any  of  the  proceffes  hitherto  mentioned  ; it  has  likewife  the 
property  of  refilling  much  more  powerfully  the  ablion  of  different  re-ablives,  fuch 
as  alkalis,  alum,  foap,  and  acids.  Mr.  Vogler  confeffes  that,  by  his  numerous 
proceffes,  he  has  not  been  able  to  obtain  a red  of  a degree  of  permanency  equal 
to  that  of  the  Adrianople  red,  though  he  has  much  excelled  in  this  refpebt  the 
falfe  Adrianople  reds,  ufed  for  Siamefe  (fiamoifes)  and  other  fluffs.  It  is  neceffary 
to  remark,  iliac  foap  fuds  weaken  and  deflroy  the  moll  durable  madder  colours, 
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even  that  of  the  Adrianople  cotton  : hence  it  appears,  that  we  ought  as  much  as 
poffible  to  be  fparing  in  the  ufe  of  foap,  in  the  wafhing  of  thread  and  cotton  of 
this  colour.  The  only  difference  between  the  true  and  falfe  Adrianople  red  is  this, 
that  the  one  refills  thefe  influences  much  longer  than  the  other.  Aqua  fortis,  or 
dilute  nitrous  acid,  is  according  to  Mr.  Vogler  the  beft  and  mo  ft  expeditious  teft, 
for  diftinguifhing  the  true  Adrianople  red  from  the  falfe.  If  we  immerfe  a 
thread  of  the  latter  dye  in  it,  it  foon  becomes  pale,  and  in  lefs  than  a quarter  of 
an  hour  white;  while  the  true  Adrianople  red  will  remain  in  it  for  an  hour  with- 
out any  alteration,  and  indeed  never  entirely  lofes  its  colour,  which  acquires  an 
orange  hue. 

The  Adrianople  red,  which  for  a long  time  came  to  us  by  our  Levant  trade 
only,  excited  the  induflry  of  our  artifts  •,  but  their  attempts  were  for  a long  time 
f uitlefs,  or  their  fuccefs  confined  to  a very  few  manufactories.  The  Abbe 
Mazeas  publilhed  fome  experiments  which  threw  confiderable  light  on  this  kind 
of  dye;  and  the  French  Government,  from  the  information  it  received,  pub- 
1 fhed  in  1765,  an  inftrutftion  under  the  title  of,  A Memoir  containing, the  Pro- 
cefs  for  Dyeing  Spun  Cotton  of  the  fame  Scarlet  Red  as  that  of  the  Adrianople 
Cotton.  We  find  the  fame  defcription  in  M.  Le  Pileur  d’Apligny’s  treatife, 
but  the  procefs  has  not  fucceeded  completely  ; the  fault  feems  principally  to  have 
confided  in  making  the  alkaline  folution  too  ftrong.  The  alterations  made  in 
different  manufactories,  with  more  or  lefs  fuccefs,  have  been  kept  fecret.  For 
the  following  defcription,  Berthollet  was  indebted  to  Mr.  Clerc,  who  has  the 
management  of  a manufactory  at  Vaudreuil,  and  who  fent  him  a pattern  of  his 
cotton,  which  was  dyed  of  a beautiful  and  durable  red. 

Procefs  for  the  Adrianople  or  Turkey  Red. 

When  a hundred  pounds  of  cotton  are  to  be  dyed,  we  muft  begin  by  fcouting 
it  well.  This  operation  confifts  in  boiling  the  cotton  in  a ley  of  foda,  marking 
one  degree  of  the  areometer,  to  which  is  commonly  added  the  remainder  of  the 
bath  which  has  been  employed  for  paffing  the  cottons  through,  for  the  white  pre- 
paration (en  l’appret  blanc),  which  is  called  fickiou. 

In  order  to  fcour  the  cotton  properly,  and  prevent  it  from  entangling,  a cord 
is  paffed  through  three  hanks  (the  hank  is  compofed  of  four  knots  (pentes), 
each  of  which  weighs  a quarter  of  a pound,  making  the  hank  equal  to  a pound), 
and  it  is  thrown  into  the  ley  when  it  begins  to  boil;  it  is  carefully  immerfed, 
that  it  may  not  be  fcorched  by  the  upper  part  of  the  caldron,  which  fhould  con- 
tain about  one  hundred  and  fifty  gallons  of  water  for  one  hundred  pounds  of 
cotton  ; the  cotton  is  completely  fcoured  when  it  finks  of  itfelf  in  the  caldron  ; 
it  is  then  taken  out,  and  wafhed  knot  by  knot  in  the  river,  wrung,  and  hung 
out  to  dry. 

Second  Operation ; Bath  with  Dung. 

A hundred  pounds  of  Alicant  foda  (barilla)  in  coarfe  powder  are  put  into  a 
tub  with  a hole  near  its  bottom,  to  allow  the  water  to  run  into  another  tub  placed 
under  it;  feventy-five  gallons  of  lixivial  water  are  poured  on  the  foda  in  the 
upper  tub ; when  the  water  which  has  run  into  the  lower  one  marks  two  degrees 
of  the  foap-makers  areometer,  it  is  proper  for  the  bath  with  dung,  which  is  made 
in  the  following  manner  : 

Twenty-five  or  thirty  pounds  of  (beep  dung  are  mixed  with  the  above  ley  in 
a large  earthen  veflel,  and  ftirred  with  a wooden  peftle,  then  palled  through  a 
hair  fieve  placed  over  the  vat  in  which  the  bath  is  to  be  prepared;  twelve  pounds 
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and  a half  of  Provence  oil  are  then  poured  into  the  vat,  and  kept  conftantly 
ftirring  with  a rake,  that  it  may  be  perfectly  mixed  with  the  ley  and  the  dung; 
the  foda  ley  is  poured  upon  it ; nine  buckets  of  water  (each  equal  to  four  gallons) 
are  commonly  required  for  a hundred  pounds  of  cotton.  The  bath  being  thus 
prepared,  is  in  a proper  Hate  to  receive  the  cotton.  For  this  purpofe,  fome  of 
the  bath  is  taken  in  a wooden  bowl,  and  poured  into  an  earthen  pan  fet  in  brick- 
work at  a proper  height  for  working.  A hank  of  cotton  is  taken  and  well 
wrought  with  the  hands;  it  is  frequently  taken  up  and  turned  in  the  pan,  and 
then  hung  upon  a wooden  hook  fixed  to  the  wall ; it  is  flightly  wrung  out,  and 
thrown  upon  a table  ; and  the  fame  operation  is  repeated  with  each  hank.  The 
table  upon  which  the  cotton  is  thrown  ought  to  be  raifed  eight  or  ten  inches  from 
the  ground.  A workman  takes  a hank  in  each  hand,  and  ftrikes  it  on  the  table 
to  ftretch  the  threads;  he  turns  it  three  times,  and  then  makes  a fmall  twill  to 
form  a head  for  the  hank,  and  lays  it  upon  the  table ; not  more  than  three  hanks 
fhould  be  placed  one  upon  another,  as  too  great  a weight  would  fqueeze  the 
bath  out  of  the  under  hanks.  The  cotton  ought  to  remain  ten  or  twelve  hours 
on  the  table,  and  then  be  hung  out  to  dry. 

Third  Operation ; Bath  with  Oil , or  White  Bath. 

Ley  of  foda  alfo  at  two  degrees  of  the  areometer  is  taken  ; and  after  the  vat 
in  which  the  bath  with  dung  was  made  has  been  well  cleaned,  twelve  pounds  and 
a half  of  olive  oil  are  put  into  it,  and  the  ley  of  foda  added,  while  it  is  kept 
conllantly  llirred  with  a rake,  in  order  to  mix  the  oil  completely.  This  bath 
ought  to  refemble  thick  milk  ; and  that  it  may  be  good,  it  is  neceflary  that  the 
oil  fhould  not  rife  to  the  furface  : fome  of  this  bath  is  then  put  into  the  pan,  and 
the  cotton  dipped  hank  by  hank,  as  in  the  former  operation;  it  is  thrown  on  the 
table,  and  beat  upon  it,  which  is  called  creper  ; it  is  left  there  till  the  next  day, 
and  then  hung  out  to  dry.  For  this  bath  about  eight  buckets  of  ley  are  required. 

Fourth  Operation  ; fi>Jl  Salt. 

Frefli  foda  is  added  to  the  remainder  of  that  firft  put  into  the  tub,  if  the 
water  poured  upon  it  has  not  attained  three  degrees.  For  this  operation,  eight 
buckets  of  ley  are  poured  into  the  vat  upon  the  remains  of  the  white  bath,  and 
the  cotton  is  palled  through  it  in  the  fame  manner  as  before.  This  operation  is- 
called  giving  it  the  firft  fait  (donner  le  premier  fel)  ; the  ley  being  at  three 
degrees. 

Fifth  Operation ; fecond  Salt. 

The  cotton  is  palled  through  a ley  of  foda  at  four  degrees,  the  working  being 
condu&ed  as  before  defcribed. 

Sixth  Operation  ; third  Salt. 

The  cotton  is  palled  through  a ley  of  foda  at  five  degrees. 

Seventh  Operation  ; fourth  Salt. 

The  cotton  is  palled  through  a ley  of  foda  at  fix  degrees,  the  fame  precautions 
being  obferved,  and  then  carried  out  to  be  dried  on  very  fmooth  poles;  when 
dry,  it  is  taken  to  the  river  to  be  waflied  in  the  following  manner. 

Eighth  Operation. 

The  cotton  mull  be  firft  foaked  in  the  water,  then  taken  out  and  put  upon  the 
horfe  (bayard)  to  drain  ; warer  is  repeatedly  thrown  on  it,  that  it  may  be  well 
foaked,  and  an  hour  after  it  is  walhed  knot  by  knot,  to  free  it  completely  from 
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the  oil,  which  is  abfolutely  necefiary  to  its  taking  the  galling  well;  it  is  then 
wrung  with  the  jack  and  pin,  and  ftretched  upon  the  poles  to  dry ; the  cotton 
when  thus  walhed  ought  to  be  of  a beautiful  white. 

Ninth  Operation  ; galling. 

For  the  galling,  we  muft  choofe  good  galls  in  forts  (a  term  employed  in 
commerce,  to  denote  black  and  white  galls  mixed  together  in  equal  quantities), 
and  having  bruifedthem,  put  for  each  hundred  pounds  of  cotton,  twelve  pounds 
and  a half  into  a copper,  and  boil  them  in  fix  buckets  of  clear  river  water. 
Three  hours  are  generally  required  to  boil  them  fufficiently ; we  perceive,  that 
this  is  accompliflied  when  they  break  between  the  fingers  like  bouille  ; three  buck- 
ets of  cold  water  are  then  added,  and  the  whole  pafled  through  ja  very  clofe  hair 
fieve,  fqueezing  with  the  hand  what  has  not  pafled  through,  in  order  to  feparate 
all  the  refinous  particles.  When  the  water  has  fettled  and  become  clear,  the 
galling  is  to  be  performed  in  the  following  manner  : 

Nine  or  ten  quarts  of  the  galling  are  poured  into  an  earthen  pan  fet  in  the  wall 
at  a height  convenient  for  working,  and  the  cotton  is  dipped  in  it  by  feparate 
hanks,  working  it  well  with  rhe  hands;  it  is  then  wrung  with  the  pin,  and  carried 
out  to  be  dried  as  faft  as  it  is  dipped ; a precaution  eflentially  necefiary  to  prevent 
the  cotton  from  growing  black. 

When  the  cotton  is  thoroughly  dried,  we  proceed  to  the  aluming,  in  the 
following  manner: 

Tenth  Operation ; aluming. 

The  copper  in  which  the  decoftion  of  galls  was  made  being  well  cleaned, 
eight  buckets  of  river  water  and  eighteen  pounds  of  Roman  alum  are  put  into 
it,  and  the  alum  diflolved  without  boiling  : when  the  folution  is  complete,  half  a 
bucket  of  foda  ley  at  four  degrees  of  the  areometer  is  added,  and  the  cotton 
then  wrought  in  it,  hank  by  hank,  as  in  the  galling ; it  is  then  fpread  out  to 
dry,  and  afterwards  walhed  from  the  alum  as  follows  : 

Eleventh  Operation ; wafhing  from  the  Alum. 

Having  left  the  cotton  to  foak  and  drain  for  an  hour  upon  the  horfe,  each 
hank  is  walhed  feparately  three  times,  wrung  with  a pin,  and  carried  to  the 
tenter  ground. 

T welfth  Operation  ( remonter  fur  Galle ). 1 

This  operation  confifts  in  a repetition  of  the  former  ones.  A white  bath  is 
prepared  fimilar  to  that  defcribed  in  article  3 ; twelve  pounds  and  a half  of  good 
Provence  oil  are  put  into  a vat,  and  eight  buckets  of  ley,  at  two  degrees  of  the 
foap-makers  areometer,  added  to  it;  and  the  bath  being  well  ftirred,  the  cotton 
is  dipped  in  the  manner  defcribed  in  article  3. 

Thirteenth  Operation ; fir  ft  Salt. 

The  cotton,  after  being  well  dried,  is  dipped  in  a ley  at  three  degrees. 

Fourteenth  Operation  ; fecond  Salt. 

After  the  cotton  has  been  well  dried,  it  is  dipped  in  a ley  at  four  degrees. 

Fifteenth  Operation  ; third  Salt. 

When  the  cotton  is  again  dry,  it  is  dipped  in  a ley  at  five  degrees,  and  this 
concludes  the  dips : after  being  dried,  it  is  walhed,  galled,  and  alumed,  with 
the  fame  proportions,  and  attention  to  the  fame  circumftances  as  in  articles  9, 
10,  and  11.  The  cotton  has  now  received  all  the  preparations  necefiary  for 
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taking  the  dye,  and  ought  to  be  of  the  colour  of  the  bark  of  a tree.  A very 
elfential  circumftance  to  be  attended  to,  is,  never  to  dip  the  cotton  till  it  is  per- 
fectly dry,  otherwife  we  run  the  rifk  of  rendering  the  colour  fpotted.  When 
the  cotton  is  hung  out  upon  the  poles,  it  muft  be  frequently  lhaken  and  turned 
to  make  it  dry  uniformly. 

Sixteenth  Operation  ; the  dyeing. 

A copper  of  an  oblong  fquare  form  is  generally  employed,  which  ought  to  be 
capable  of  holding  about  one  hundred  gallons,  in  which  quantity  twenty-five 
pounds  of  cotton  may  be  dyed  at  once.  The  procefs  for  dyeing  is  begun  by 
filling  the  copper  with  water  within  four  or  five  inches  of  the  brim,  and  pouring 
in  a pailful  of  bullock’s  blood,  or,  what  is  ftill  better  when  it  can  be  procured, 
fheep’s  blood  (this  is  equal  to  about  five  gallons),  and  then  adding  the  lizary. 
When  we  wifh  to  obtain  a fine  bright  colour,  which  penetrates,  and  has  a good 
body,  we  commonly  mix  feveral  kinds  of  lizary  together,  as  one  pound  and  a 
half  of  lizary  of  Provence,  half  a pound  of  lizary  of  Cyprus ; or,  if  thefe  can- 
not be  had,  a pound  of  that  of  Provence,  with  as  much  of  the  lizary  from 
Tripoli  or  Smyrna,  allowing  always  two  pounds  for  one  of  cotton.  When  the 
lizary  is  in  the  copper,  it  is  ftirred  with  a.  rake,  to  break  the  clods  or  lumps} 
and  when  the  bath  is  warm,  the  cotton  is  put  in  on  fkein  flicks,  two  hanks  com- 
monly on  each;  care  muft  be  taken  to  immerfe  it  properly,  and  to  turn  the 
cotton  on  the  lkein  flicks,  by  means  of  a pointed  flick  pafled  along  them  within 
the  hanks.  This  procefs  is  continued  for  an  hour  ; and  when  the  copper  begins 
to  boil,  the  cotton  is  taken  off  the  fkein  flicks,  and  immerfed  in  it,  each  hank 
being  fufpended  by  means  of  a cord  paffed  through  it,  to  flicks  fupported  over 
the  copper.  The  cotton  ought  to  boil  about  an  hour,  in  order  to  extraft  all  the 
colouring  matter  from  the  madder.  There  is  alfo  a method  of  difcovering  when 
the  colour  is  extracted,  by  the  formation  of  a white  froth  on  the  copper.  It  is 
now  taken  our,  and  walked  knot  by  knot  at  the  river,  wrung  with  the  pin,  and 
dried. 

, Seventeenth  Operation  ; brightening. 

Soda  ley  at  two  degrees  is  poured  into  the  copper  ufed  for  fcouring,  which 
fliould  hold  a hundred  and  fifty  gallons  of  water,  and  it  is  then  filled  within  ten 
or  twelve  inches  of  the  brim;  four  or  five  pounds  of  olive  oil  are  then  added, 
and  fix  pounds  of  white  Marfeilles  foap  cut  very  fmall ; it  is  kept  fti.rring  until 
the  foap  is  diffolved;  and  when  the  copper  begins  to  boil,  the  cotton  is  put  in, 
a cord  being  previoufl.y  paffed  through  it  to  prevent  its  being  entangled  : the 
copper  is  then  covered  Up,  and  flopped  with  rags,  loaded  and  made  to  boil 
gently  for  four  or  five  hours : the  cover  being  now  taken  oft',  the  cotton  fhould 
appear  finifhed,  and  of  a beautiful  red.  The  cotton  muft  not  be  taken  out  of 
the  copper  for  ten  or  twelve  hours,  becaufe  it  improves  in  the  bath,  and  acquires 
a much  greater  degree  of  brightnefs. 

It  mult  be  well  walked  knot  by  knot,  and  dried,  and  the  operation  is  com- 
plete. 

Berthollet  ufed  to  give  his  cottons  a dip  after  they  were  quite  dry;  he  made 
a folution  of  tin  in  aqua  fortis,  taking  for  a hundred  pounds  of  cotton  three  or 
four  pounds  of  aqua  fortis  at  twenty-lix  degrees*,  to  which  he  added  an  ounce 
of  fal  ammoniac  for  each  pound,  and  then  diflblved  in  it  fix  ounces  of  fine  tin 
in  grains ; he  added  to  the  bath  a pound  and  a half  of  mfneral  cryftal ; he  then 

* To  diftilkd  water  as  1220  to  1000.  Hamilton, 
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diluted  the  mixture  with  eight  buckets  of  water,  and  dipped  his  cotton,  which 
muft  then  be  wafhed  ; this  dip  gives  the  cotton  a very  fine  fire  (feu). 

N.  B.^Only  the  refidua  of  the  firft  preparations  are  to  be  put  into  the  fickiou  ; 
thofe  which  remain  after  the  cotton  has  been  galled  are  of  no  ufe,  and  mufl  be 

thrown  away. 

Mr.  Gren  has  publifhed  feme  experiments  which  throw  a great  d al  of  light 
on  the  theory  of  the  Adrianople  red  He  took  two  ounces  of  fpun  cotton,  on 
which  he  poured  frefh  oil,  and  left  it  to  foak  for  fifteen  days,  taking  care  to  work 
the  cotton  well  with  it  from  time  to  time  ; he  then  fqueezed  out  the  oil  as  much 
as  poffible,  and  put  the  cotton  into  a boiling  folution  of  barilla.  After  boiling  it 
for  half  an  hour,  he  poured  out  the  ley,  which  had  a milky  appearance,  and  fup- 
plied  its  place  with  frefh  urine,  in  which  he  boiled  the  cotton  for  a quarter  of  an 
hour  ; but  he  has  afeertained,  that  water  may  be  fubflituted  for  the  urine.  Pie 
made  a decodtion  with  half  an  ounce  of  alum  and  two  drams  of  fumach,  and  put 
the  cotton  which  had  been  well  wafhed  into  it  while  boiling  hot,  and  kept  up  the 
ebullition  for  an  hour  : after  which  he  let  it  cool,  and  kept  the  cotton  in  it  twelve 
hours : when  taken  out  of  this  bath,  it  was  dried  in  the  fhade,  wafhed  in  cold 
water,  and  dyed  with  a decodtion  of  half  an  ounce  of  madder  ; he  chofe  whole 
roots  of  madder  the  moft  flender  he  could  find,  cut  them  into  fmall  pieces,  and 
pounded  them.  He  left  the  cotton  to  grow  cold  in  the  bath.  When  wafhed 
it  fhevved  a very  fine  colour,  which  differed  from  the  true  Turkey  red  cotton  only 
in  luftre,  which  it  did  not  poffefs  in  fo  high  a degree,  but  it  fuftained  the  fame 
proofs : thus  it  retained  its  colour  after  being  wafhed  in  boiling  water : the 
brightnefs  of  the  colour  was  increafed  by  wafhing  in  a cold  ley  of  afhes ; vinegar 
did  not  change  it ; expofure  to  the  fun  and  air  for  three  weeks- produced  no  fenfible 
alteration  in  it. 

Ground  madder  of  a middling  quality  produced,  under  fimilar  treatment,  a 
dirty  brown  colour  without  any  brightnefs ; but  Zealand  madder  of  a good 
quality  produced  a colour  fimilar  to  the  former. 

The  addition  of  fixed  alkali,  even  in  fmall  quantity,  to  the  decodtion,  produced 
a deeper  colour.  The  addition  of  folution  of  tin  gave  the  colour  a more  pleafing 
hue.- 

Mr.  Gren  obtained  only  a bad  colour,  which  fimple  wafhing  difeharged,  when 
he  ufed  pure  or  cauftic  pot-afh  inftead  of  foda ; but  carbonat  of  pot-afh  fucceeded 
as  well  as  foda,  when  care  was  taken  to  fqueeze  out  the  oil  from  the  cotton  pre- 
vious to  its  being  put  into  the  folution  of  the  fait  : if  the  oil  was  not  fqueezed 
out,  the  colour  was  but  indifferent  : whence  he  infers,  that  the  alkali  ought  not  to 
be  fo  cauftic  as  to  deprive  the  cotton  entirely  of  the  oil,  while  at  the  fame  time 
it  ought  to  poffefs  fufficient  activity  not  to  allow  it  to  retain  too  much.  Thefe 
experiments  alfo  evinced,  that  in  order  to  produce  a red  fimilar  to  that  of 
Adrianople,  it  was  neceffary  to  choofe  the  beft  kind  of  madder,  and  to  prefer  the 
whole  roots,  rejecting  thofe  which  are  too  old,  too  woody,  or  rotten.  When  he 
employed  different  kinds  of  the  ground  madder,  he  mod:  commonly  obtained  a 
dark  brown  colour  inftead  of  a red,  notwithflanding  all  the  attention  he  could 
employ  in  the  codtion. 

Berthollet,  after  having  repeated  the  procefs  of  Mr.  Gren,  and  a great  part  of 
the  numerous  and  irtferefting  experiments  of  Mr.  Vogler,  gives  the  following 
account  of  fome  others  of  his.  own. 
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The  acetite  of  alumine,  formed  by  the  mixture  of  alum  and  the  acetite  of  lead 
or  fait  of  faturn,  proved  to  be  a better  mordant  than  alum  for  fixing  the  colour 
of  madder,  and  was  ftill  more  efficacious  when  it  contained  an  excefs  of  acid,  as 
it  is  prepared  for  the  printing  of  linens,  and  as  Mr.  Wilfon  direfts. 

Alum  faturated  with  pot-afh  tofuch  a degree  as  to  afford  a flight  fediment,  was 
alfo  a much  more  efficacious  mordant  than  alum,  probably  for  the  fame  reafon. 
Solution  of  arfenic  in  pot-afh  produced  a fimilar  effefl,  and  even  feemed  to  be 
fuperior. 

Galling  renders  the  colour  more  fixed,  and  appears  to  darken  it  a little ; yet 
galling  is  employed  in  the  Adrianople  procefs.  Galls  cannot  be  mixed  with 
madder,  becaufe  they  prevent  the  extraction  of  its  colouring  part.  Berthollet 
always  began  his  proceffes  by  galling,  after  having  leyed  the  cotton. 

Leying  renders  the  cotton  more  difpofed  to  become  faturated  with  colour. 

Berthollet  made  the  fame  observation  as  Mr.  Vogler,  that  mucilages  and  gums 
render  the  colour  more  fixed,  but  that  glue  in  particular  produces  this  effect  : 
it  combines  with  the  alumine  and  the  cotton,  and  thus  imparts  to  the  cotton  the 
property  of  animal  fubflances. 

Complete  exficcation  between  each  of  the  proceffes  is  very  ufeful' : when  the 
water  is  expelled,  its  attraction  no  longer  oppofes  the  combination  or  decompofi- 
tion  of  the  mordant  to  which  it  proved  an  obftacle.  It  appeared  to  Berthollet  a 
matter  of  indifference  whether  the  exficcation  was  quick  or  flow,  provided  how- 
ever it  was  not  too  rapid,  becaufe  of  the  cryftallizable  Salts,  the  alum  for  example, 
for  then,  the  Solution  exfudes  before  it  is  decompofed,  and  cryftallizes  on  the  Sur- 
face ; in  which  cafe  the  dyers  fay  that  it  has  run.  This  is  probably  the  reafon 
for  directing  that  the  exficcations  fhould  be  conducted  in  the  fhade,  and  not  in 
the  fun. 

Berthollet  found  that  long  maceration  and  long  continued  boilings  -with  the 
mordant  were  ufelefs,  and  that  it  was  Sufficient  if  the  cotton  was  well  impregnated 
with  the  mordant  : it  appeared  to  him,  for  example,  that  no  greater  effeCt  is  pro- 
duced by  repeating  the  aluming  two  or  three  times  fucceffively,  than  by  one 
operation  properly  conduCled. 

If  only  the  faturation  and  permanency  of  the  colour  were  attended  to,  we  fhould 
from  the  experiments  of  Berthollet  begin  by  leying  the  cotton,  galling,  drying, 
and  Soaking  it  in  the  mordant  compofed  of  alum  and  the  alkaline  folution  of 
arfenic,  or  in  the  faturated  acetite  of  alumine  ; we  fhould  then  dry  it,  Soak  it  in  a 
Solution  of  glue,  dry,  and  wet  it,  that  it  may  not  take  the  colour  unequally,  and 
laftly,  dye  it  in  a madder  bath  containing  glue.  If  we  add  ’common  fait  to  one 
of  the  firft  preparations,  the  dye  is  (till  ftronger  (plus  forte)  ; but  the  colour  ob- 
tained in  this  manner,  and  by  fimilar  proceffes,  is  browner  and  much  lefs  bright 
than  the  Adrianople  red. 

Of  the  two  proceffes  by  means  of  which  Berthollet  came  neared:  the  Adria- 
nople red,  without  ufing  a confident  oil,  the  one  was  by  employing  as  mordant, 
a folution  in  the  nitrous  acid  of  the  precipitate  from  alum  by  common  pot-afh  ; 
the  other  was  by  adding  calx  of  tin  to  the  madder  bath.  By  this  laid  procefs, 
Berthollet  obtained  a red  which  might  eafily  be  taken  for  that  of  Adria- 
nople. 

He  repeated  the  procefs  of  Mr.  Gren  with  fuccefs,  fubftituting  galls  for  the 
Sumach  ; but  the  colour  which  he  obtained,  and  which  came  very  near  the 
Adrianople  red,  withftood  the  a&ion  of  leys,  Soap,  and  the  air,  lefs  powerfully. 
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We  have  feen  that  Mr.  Vogler  had  not  fucceeded  by  impregnating  the  cotton 
with  oil ; and  yet  without  a grealy  fubftance,  we  cannot  obtain  acolour  like  the 
Adrianople  red.  The  inteftinal  liquor  of  lheep,  employed  in  the  Adrianople  pro- 
cefs  under  the  name  of  fickiou,  feems  to  a<5t  by  means  of  the  greafe  which  it 
contains,  and  by  a fubftance  analogous  to  the  ferofity  and  gluten  found  in  all 
animal  fubftances. 

Mr.  Pallas  relates  in  the  Peterfburgh  Journal  for  1776,  that  the  Armenians, 
whom  the  troubles  in  Perfia  obliged  to  retire  to  Aftracan,  dye  Turkey  red  by 
alternately  impregnating  the  cotton  with  fifh  oil,  and  drying  it,  for  feven  days ; thac 
they  have  qbferved  that  other  oils  do  not  fucceed  ; and  that  they  do  not  even  ufe 
the  oil  of  all  fifh  indifcriminately,  but  choofe  that  which  becomes  milky  upon 
being  mixed  with  an  alkaline  folution.  After  thefe  repeated  impregnations  and 
.exficcations,  they  wafii  the  cotton  and  dry  it  : they  then  give  it  an.  aftringent  bath 
to  which  a little  alum  is  added  ; they  dye  it  in  a madder  bath  with  which  calves 
blood  has  been  mixed  ; finally,  they  digeft  it  for  twenty-four  hours  in  a folution 
of  foda.  It  would  feem  that  Mr.  Vogler  had  not  remarked,  that  the  cotton  fhould 
be  deprived  of  the  oil  only  to  a certain  degree  by  means  of  the  ley. 

The  following  obfervations  prove  that,  in  the  Adrianople  red,  the  cotton  has 
retained  a little  of  the  oil.  A Ikein  of  cotton  having  been  foaked  in  foap  fuds, 
and  wrung  fl ightly,  was  dried,  and  then  immerfed  in  a mordant  of  alum  faturated 
with  pot-afh,  afterwards  dried,  and  dyed  ; it  had  only  a well  faturated  madder 
colour:  after  two  minutes  boiling  in  weak  foap-fuds,  it  came  out  with  the  (hade 
of  Adrianople  red  : its  durability  was  not  examined. 

If  cotton  dyed  with  madder  in  any  way  be  boiled  for  fome  minutes  in  foap 
fuds,  it  acquires  a rofe  colour  (rofe)  ; if  it  be  then  fqueezed,  a greafy  matter  is 
pefleri  out,  which  has  the  colour  of  Adrianople  red,  and  which  fixes  on  white 
cotton.  Mr.  Oetingen  had  obferved  * in  1 764,  that  oil  had  the  property  of  dif- 
folving  the  colouring  matter  of  the  Adrianople  red,  fo  that,  if  it  be  moiftened  with 
oil,  its  colour  is  communicated  to  white  cotton  when  rubbed  with  it  for  fome 
time.  He  had  thence  concluded,  that  oil  muft  enter  into  the  preparation  of 
Adrianople  red  ; and  the  Abbe  Mazeas  has  long  ago  proved  that  the  ufe  of  oil  in 
that  dye  was  indifpenfable  j\ 

The  kind  of  madder  employed  has  great  influence  on  the  colour  produced. 
It  appears  absolutely  neceflary  to  employ  that  which  is  called  lizary,  in  order  to 
obtain  a colour  equal  to  the  Adrianople  red. 

With  refpect  to  . the  choice  of  madder,  we  muft  recoiled!  that  Meflrs.  D’Am- 
bourney  and  Beckmann  recommend  the  ufe  of  frefh  madder  ; but  it  is  generally 
fuppofed  that  it  gives  a more  beautiful  colour,  when  kept  for  a year  or  two  before 
it  is  ufed  ; and  Mr.  Guhliche  fays,  that  the  old  madder  gives  a colour  nearly  as 
beautiful  as  lizary.  There  are  cafes  perhaps  in  which  the  ufe  of  frefti  madder 
would  be  advantageous ; the  choice  of  the  young  roots  would  .certainly  be  proper. 

Bcrthollet  having  expofed  for  a long  time  to  the  inclemencies  of  'the  weather, 
the  cotton  which  he  had  dyed  with  the  addition  of  calx  of  tin  to  the  madder 
bath,  that,  for  which  the  folution  of  alumine  in  nitrous  acid  had  been  employed  as 
mordant,  and  a pattern  of  Adrianople  cotton  ; the  colour  of  the  firft  remained 

* DifTert.  de  Viribus  Radio.  Rubise  Tinft.  Antirachiticis  a Virtute  Ofla  Animal,  vivorum  tingendi 
non  pendentibus. 

f Recherches  fur  la  Caufe  Phy  f.  de  1’ Adherence  de  la  Couleur  Rouge,  & c.  Mem.  des  Sav. 
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longed  without  any  fenflble  change;  at  lad  however  it  acquired  a yellow  hue; 
the  fecond  acquired  a yellowifh  tinge  fooner ; the  colour  of  the  third  was  impaired 
fooned,  but  it  did  not  change  its  hue  (tonj. 

From  this  experiment  it  follows,  that  we  may  confider  in  cotton  dyed  with 
madder,  its  power  of  redding  the  adtion  of  the  air  for  a long  tirre,  or  that  of 
redding  alkalis  or  foap.  This  lad  can  only  be  obtained  by  means  of  oils  and 
greafe;  but  the  fird  depends  principally  on  the  mordants  employed,  and  the 
number  of  dryings.  It  is  therefore  proper,  independent  of  the  beauty  of  the 
colour,  to  employ  procedes'dmilar  to  that  of  Adrianople,  for  fuch  duffs  as  are  to 
be  fubjeded  to  leying  or  frequent  wafhing  with  foap. 

Mr.  Wiifon  makes  an  obfervation  which  is  worthy  of  attention.  He  fays,  that 
duffs  made  of  cotton  which  has  not  been  fpun  by  Mr.  Arkwright’s  machines, 
cannot  be  dyed  by  the  Adiianople  procefs,  becaufe  the  filaments  of  the  cotton  are 
made  to  bridle  up  (fe  heriffent)  in  the  numerous  operations  of  this  procefs ; but 
that  thefe  filaments  preferve  their  parallelifm  much  better  when  the  cotton  has 
been  fpun  and  carded  by  thefe  machines,  and  that  the  duffs  can  then  undergo 
the  fame  operations  without  injury  to  their  texture  *. 

But  as  colours  which  fudain  the  adtion  of  the  air  as  well  as  the  Adrianople  red, 
may  be  obtained  by  fhorter  proceffes,  and  as  cotton  duffs  are  not  intended  to  be 
fubmitted  to  leying  and  frequent  wafhing,  proceffes  analogous  to  fome  of  thofe 
deferibed  above,  may  frequently  be  employed  with  advantage. 

One  circumdance  which  ought  not  to  be  omitted,  is,  that  aerated  marine  acid 
reprelented  the  adtion  of  the  air  on  the  madder  reds  expofed  to  its  influence,  indi- 
cating the  patterns  which  would  refid  its  adlion  mod  powerfully ; while  the  nitrous 
acid  on  the  contrary  indicates  the  cotton  dyed  in  the  Adrianople  manner,  by 
giving  it  a yellow  colour,  as  Mr.  Vogler  hasobferved  : this  effedt  feems  to  depend 
on  the  combination  of  the  animal  oil  with  the  cotton,  to  which,  as  to  all  other 
animal  fubdances,  the  nitrous  acid  gives  a yellow  colour  by  dedroying  the  proper 
colour  of  the  madder  : it  is  this  combination  of  animal  oil  with  the  cotton,  which 
forms  the  didinguilhing  charadteridic  of  this  fpecies  of  dye:  a different  kind  of 
oil  might  produce  a bright  Colour,  but  probably  it  would  not  be  fo  durable. 

Berthollet  alfo  tried  the  calx  of  tin  in  dyeing  wool.  The  decodtion  of  madder 
acquires  a more  clear  and  lively  red  by  the  addition  of  this  calx  ; its  Qplouring 
particles  became  fixed  much  more  quickly  and  more  abundantly,  upon  cloth 
which  had  been  prepared  by  a decodtion  of  alum  and  tartar  in  the  ordinary  man- 
ner. The  cloth  came  out  of  the  dye  bath  of  a much  more  faturated  and  beautiful 
red,  than  a fimilar  pattern  dyed  with  an  equal  weight  of  madder,  without  calx  of 
tin  ; the  advantage  however  does  not  appear  to  me  fo  great,  as  to  render  the 
procefs  worthy  of  being  commonly  employed. 

Calx  of  zinc  ufed  inftead  of  tin,  produced  a fine  orange  colour  in  the  cloth ; 
calx  of  lead,  a dull  brick  colour ; that  of  iron  had  no  fenfible  effedl. 

MAG,ISTERY.  Chemifts  formerly  applied  this  term  to  almofl:  all  precipi- 
tates ; at  prefent  it  is  applied  only  to  a few,  which  have  retained  the  name,  from 
habitual  ufage. 

MAG1STERY  OF  BISMUTH.  The  calx  of  bifmuth  precipitated  from  its 
folution  in  nitrous  acid  by  the  addition  of  a large  quantity  of  water.  To  make 
this  preparation,  which  is  a fine  white  powder,  very  pure  bifmuth  muft  be  diffolved 
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in  pure  nitrous  acid.  - To  this  folution  a large  quantity  of  water,  the  purer  the 
better,  muft  be  added.  The  whole  immediately  becomes  of  a milky  whte,  by 
the  diffufion  of  the  calx,  which  feparates,  and  at  length  fubfides ; the  cler  fluid 
fluid;  then  be  decanted  off',  and  the  calx  thrown  upon  a filtre.to  be  edulcorated  by 
repeated  affufions  of  water.  Some  artifts  precipitate  the  bifmuth  by  a fixed  alkali, 
but  in  this  way  the  magiftery  is  not  fo  white  ; probably  from  the  impurity  ofmoft 
common  alkalis,  or  perhaps  from  the  ftate  of  the  calx  itfelf,  which  may  carry 
down  fixed  air. 

The  chief  ufe  of  the  magiftery  of  bifmuth  is  to  enter  into  the  compofition  of 
white  paint  ufed  by  ladies.  It  is  preferred  to  all  other  whites  from  its  fuperior 
beauty,  its  luftre,  and  an  almoft  infenfible  tint  of  carnation,  which  renders  it 
more  fimilar  to  the  fineftand  whiteft  flcin. 

MAGISTERY  OF  CORAL.  This  name  has  been  given  to  the  calcareous 
powder  obtained  by  diflolving  coral,  crabs-claws,  chalk,  or  other  fubftances  of 
the  like  nature,  in  nitrous  acid,  precipitating  with  a fixed  alkali,  and  waffling  the 
precipitate  in  a fufficient  quantity  of  water. 

MAGISTERY  OF  SULPHUR.  The  powder  of  fulphur  which  is  thrown 
down  from  a folution  of  liver  of  fulphur,  by  the  addition  of  an  acid. 

MAGNESIA.  See  Earth  Magnesian. 

MAGNESIA  BLACK.  Modern  chemifts  are  agreed  in  ufing  the  denomina- 
tion manganefe  for  this  fubftance,  which  fee. 

MAGNET.  The  loadftone.  When  a bar  of  iron  or  fteel  is  rendered  mag- 
netical,  it  is  called  an  artificial  magnet.  The  ufage  of  modern  writers  has  almoft 
entirely  confined  the  word  magnet  to  this  laft  inftrument.  It  is  ufeful  to  the  che- 
mift  in  making  an  inaccurate  reparation  of  fubftances  containing  iron  from  pul- 
verized mineral  matters,  after  a flight  calcination. 

MAGNETISM.  The  property  by  which  iron  exhibits  a peculiar  and  ftrong  at- 
traffive  and  repulfive  power  upon  other  iron,  according  to  circumftances.  For  the 
general  faffs,  recourfe  muft  be  had  to  writers  on  natural  philofophy,  as  they  do 
not  particularly  appertain  to  the  chemical  department.  All  iron  whofe  dimen- 
flons  in  length  greatly  exceed  its  other  dimenfions  is  very  evidently  magnetical, 
while  held  in  a vertical  pofition  in  thefe  latitudes ; but  the  property  diminifhes 
and  difappears  the  more  that  pofition  is  altered.  Properly  fpeaking,  the  pofition 
moft  favourable  for  this  magnetifm  is  not  the  vertical  one,  but  that  which  a ma'g- 
netical  bar  truly  poifed,  and  at  liberty  to  affume  any  pofition,  is  difpofed  of  itfelf 
to  take  when  this  power  is  communicated  to  it.  It  is  obferved,  that  the  magne- 
tilm  of  mere  pofition  becomes  permanent  in  bars  of  iron  which  have  long  remain- 
ed vertical;  and  that  heating  and  cooling,  indentation  by  blows,  filing,  the 
eleftrical  fhock,  or  any  other  caufe  which  may  agitate  the  whole  mafs,  while  in 
this  fituation,  will  render  the  magnetifm  permanent ; and  accordingly  it  is  found 
that  the  poker,  tongs,  and  other  fimilar  utenfils,  foon  acquire  a fixed  magnetifm 
by  ufe.  The  magnetifm  of  three  equal  bars  of  fteel  may  be  rendered  much  more 
confiderable  by  a manipulation  called  the  touch,  which  appears  to  depend  on 
this  principle,  that  a fingle  weak  bar,  will  become  ftronger  in  its  power  by 
being  rubbed  at  the  fame  time  by  two  other  weak  bars;  that  one  of  the  two  touch- 
ing bars  being  then  fubjefted  to  the  touch  from  both  the  others,  will  become 
ftronger  than  the  bar  fir  ft  touched,  by  reafon  of  the  fuperior  power  of  the  touch- 
ing bars,  one  of  which  had  its  energy  increafed  by  the  preceding  operation  ; that 
if  the  untouched  bar  be  then  laid  down  and  fubjefted  to  the  touch  from  the  two 
others,  it  will,  upon  the  fame  principle,  become  the  ftrongeft  of  the  three  ; and. 
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by  repetitions  of  this  procefs,  all  the  bars  may  be  brought  to  a greater  degree  of 
magnetical  power  than  they  are  capable  of  retaining.  What  happens  in  thefe  pro- 
ceffes,  as  well  as  in  every  thing  elfe  relating  to  magnetifm,  is  fo  entirely  un- 
known, that  we  do  not  poflefs  even  a probable  hypothefis  on  the  fubjedl. 

MALACHITE.  Afolid  green  copper  ore,  which  is  fometimes  cut  and  poliftied 
as  a gem.  It  has  the  appearance  of  green  jafper;  but  is  not  fo  hard,  fince  it  does 
not  ftrike  fire  with  fteel.  It  is  either  of  a radiated  or  uniform  texture,  generally 
of  an  oval  form,  and  of  the  fize  of  an  egg  ; but  fometimes  it  is  formed  of  capil- 
lary filaments,  like  fatin,  and  (hews  a kind  of  concentric  ftripes,  or  Pnreds,  of  paler 
colours,  when  cut  and  polilhed;  its  external  appearance  is  like  a thick  (hell,  with 
various  protuberances  of  a mamillary  form.  The  filky-green  copper  ore  of  this 
kind  from  China,  in  the  form  of  folid  bundles,  is  the  pureft.  It  is  found  alfo  in 
great  quantity  on  the  Vofges,  mountains  fo  called  in  Lorraine,  and  in  the  mines 
of  the  Hartz.  in  Saxony. 

According  to  Kirwan,  the  pureft  malachite  contains  75  parts  of  copper,  and 
-25  of  aerial  acid.  Its  fpecific  gravity,  according  to  Muffchenbroecky  is  from 
3,500  to  3,994.  It  is  fometimes  mixed  with  calcareous  earch  and  gypfum,and  is 
found  in  Norway  and  Siberia.  Kirwan. 

MANGANESE.  The  regulus  of  manganefe  is  a femi-metal  of  a dull  whitifh 
colour  when  broken,  but  foon  grows  dark  by  calcination  from  the  aftion  of  the 
air.  It  is  hard,  brittle,  though  not  pulverizable,  and  rough  in  its  fradfure;  fo 
difficultly  fufible,  that  no  heat  vet  exhibited  has  caufed  it  to  run  into  mafi'es  of  any 
confiderable  magnitude,  and  it  appears  to  be  more  difpofed  to  calcination  than 
any  other  metallic  fubftance,  unlefs  we  may  except  wolfram.  Its  calces  are  white 
when  imperfedt,  but  black,  or  dark  green,  when  perfect : the  white  are  foluble 
in  acids.  When  broken  in  pieces,  it  falls  into  a powder  by  fpontaneous  calcina- 
tion; and  this  powder  is  magnetic,  though  the  mafi'es  were  not  polled ed  of  that 
property.  It  feems  as  if  the  regulus  of  manganefe  were  capable  of  depriving  a 
(mail  proportion  of  iron  of  its  magnetifm,  but  that  theefredt  ceafes  as  foon  as  that 
regulus  is  converted  into  calx  : a ftrgng  heat  expels  vital  air  from  the  calx  of 
manganefe. 

Concentrated  vitriolic  acid  attacks  the  regulus  of  manganefe,  but  much  more 
readily  when  diluted  with  two  or  three  times  its  weight  of  water;  at  the  lame  time 
that  inflammable  air  is  difengaged.  A black  fpongy  fubftance  remains  undif- 
folved,  whiclT  has  not  been  examined.  The  folution  is  colourlefs,  and  affords 
cryftals  by  evaporation.  Mild  alkalis  precipitate  a white  calx  foluble  in  acids ; 
but  pure  alkalis  afford  a brown  calx,  which  foon. grows  black  in  the  air,  and  is 
fcarcely  foluble.  The  black  calx  of  manganefe,  when  old,  or  well  made,  is  altoge- 
ther infoluble  in  acids,  unlefs  fome  combuftible  fubftance  be  added.  It  appears, 
therefore,  that  the  metal  in  this  ftate  is  too  far  calcined,  and  requires  to  be 
reduced  again  in  a certain  degree  towards  the  metallic  ftate,  to  be  diffolved.  If 
vitriolic  acid  be  added,  and  drawn  off  by  diftillation  feveral  times  from  the  black 
calx,  by  an  heat  nearly  approaching  to  ignition,  in  a glafs  veffel,  it  is  found  that 
viral  air  is  difengaged  towards  the  end  of  each  procefs,  and  part  of  the  calx  is 
diffolved.  The  folution  of  the  calx  in  acids,  by  the  addition  of  combuftible 
matter,  is  eafily  accounted  for,  on  either  of  the  theories  of  chemiftry,  by  affirming 
that  the  reduction  is  effe&ed  by  the  addition  of  phlogifton,  or  the  fubtra&ion  of 
vital  ait  from  the  calx,  by  means  of  the  combuftible  fubftance.  The  phlogiftic 
theory  appears,  however,  to  be  deficient,  in  explaining  the  folution  by  mere 
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vitriolic  acid,  at  an  elevated  temperature*,  on  account  of  the  abfence  of  phlogis- 
ton ; but  the  new  theory  limply  afferts  the  fafts,  that  the  calx  lofes  vital  air  in 
con'fequence  of  the  elevated  temperature,  and  is  rendered  foluble  in  the  acid. 

Nitrous  acid  diflblves  the  regulus  of  manganefe  with  eftervefcence,  and  the 
efcape  of  nitrous  air.  A fpongy,  black,  and  friable  matter  remains,  whofe  pro- 
perties refemble  molybdena.  The  folution  does  not  afford  cryftals.  The  perfect 
calx  is  not  foluble  in  pale  nitrous  acid,  uniefs  fome  combuftible  matter  be  added. 

The  regulus  is  diffolved  in  the  ulual  manner,  by  marine  acid.  The  black 
calx  is  likewife  foluble;  but  adheres  fo  weakly  to  the  acid,  as  to  be  feparated 
even  by  the  mereaddition  of  water  : but,  if  this  folution  be  expofed  to  a digefting 
heat  for  fome  hours,  an  inteftine  motion,  like  an  effervefcence,  takes  place  ; the 
ftnell  of  dephlogifticated  or  aerated  acid  is  perceived,  and  the  combination 
becomes  more  perfefr,  fo  as  not  to  afford  a precipitate,  uniefs  an  alkali  be  added. 
Marine  acid  diffolves  the  black  calx  alfo,  by  the  addition  of  a comboftible  fub- 
fiance:  mercury,  and  even  gold,  will  effedt  this  combination.  The  folution  of 
manganefe  in  marine  acid  fcarcely  affords  cryftals ; but  a deliquefcent  faline  mafe 
by  evaporation,  which  is  foluble  in  ardent  fpirir. 

In  the  permanent  folution  of  black  calx  of  manganefe  by  marine  acid,  it  is  feen 
that  the  acid  itfelfmuft  communicate  the  property  to  the  calx,  on  which  its  folu- 
bility  depends;  that  is  to  fay,  it  mull  either  afford  phlogilton,  or  abforb  vital 
air:  and  accordingly  the  red  vapours  which  efcape  are  diftinguifhed  by  the  name 
of  dephlogifticated,  oraerated,  marine  acid,  according  to  the  theory  which. may 
be  adopted  by  the  fpeaker. 

Other  acids  likewife  diffolve  this  metallic  fubftance  : the  fluor  acid,  and  alfo 
the  phofphoric  acid,  form  compounds  of  different  folubility,  which  envelop  and 
defend  it  from  their  farther  a<51ion  in  a ftiort  time. 

In  the  dry  way,  the  calx  of  manganefe  combines  with  fuch  earths  and  faline 
fubftances  as  are  capable  of  undergoing  fufion  in  a ftrong  heat.  Thefe  experi- 
ments are  mod:  advantageoufty  performed  by  the  blow-pipe,  on  frnall  quantities 
of  matter;  becaufe  in  this  way  the  whole  of  the  phenomena  are  clearly  feen. 
The  moft  remarkable  property  of  the  folutions  is,  that  a due  proportion  of  com- 
buftible  matter  renders  them  colourlefs;  for  which  reafon,  the  calx  of  manganefe 
is  bfed  by  the  glafs  manufa&urers  to  deftroy  the  colours  of  glafs.  If  a globule 
of  microcofmic  fait  be  fufed  by  the  blow- pipe  upon  charcoal,  and  a frnall  portion 
of  the  black  calx  of  manganefe  be  added,  the  colour  will  be  of  a blueilh  red;  or 
of  a deep  red,  if  the  quantity  of  calx  be  greater.  If  the  fufion  be  continued  by  the 
interior  blue  flame,  the  colour  at  length  difappears;  but  may  be  eafily  revived 
again,  by  fofteningthe  globule  with  the  exterior  flame.  A frnall  particle  of  nitre 
inftantly  reftores  the  red  colour ; but  inflammable  matter,  or  vitriolic  falts,  contri- 
bute to  difcharge  it.  If  the  globule,  after  being  deprived  of  all  colour,  be  fufed 
in  the  filver  fpoon,  it  recovers  its  rednefs  ; and  the  colour  is  not  difcharged  by  any 
management  of  the  fufion,  uniefs  fome  inflammable  matter  be  added. 

Thefe  remarkable  changes  of  colour,  which  may  be  repeatedly  produced, 
depend  evidently  on  the  prefence  or  abfence  of  combuftible  matter;  or,  which 
amounts  to  the  fame  thing,  on  the  degree  of  calcination  of  the  manganefe  which 
is  held  in  folution.  When  the  highly  calcined  or  black  manganefe  is  firft  added,  it 

* Bergman,  ii.  215,  (on  the  hypothefis-,  that  heat  is  matter;  that  the  matter  confifts  of  pure  air 
united  to  the  phlogilton  ; and  that  manganefe  deeompofes  the  heat)  derives  the  phlogifton  required 
for  the  folution,  as  well  as  the  vital  air  which  flies  off,  from  this  decompofition.  Thefe  pofitions  do. 
not  appear  to  be  fufhciently  eftabliihed, 
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produces  a coloured  globule ; if  inflammable  matter  be  added,  the  calx  is  partly- 
reduced,  and  forms  a colourlefs  combination  : nitre  reftores  the  colour  by  its  well- 
known  property  of  calcining  metals.  When  the  fufion  is  performed  by  the  interior 
flame,  the  globule  may  be  confidered  as  if  heated  in  a clofe  veffel,  in  contact 
with  charcoal  ; becaufe  the  furrounding  flame  prevents  the  accefs  of  air : a revival 
of  the  calx  therefore  enfues,  and  the  colour  vanifhes.  But  when  the  external  Same 
is  ufed,  its  apex  or  point  only  touches  the  globule ; and  the  furrounding  air  promotes 
or  maintains  the  calcination  more  effectually  than  the  charcoal  can  produce  the 
contrary  effeCt;  the  confequence  therefore  is,  that  the  colour  again  appears. 
Vitriolic  falts  feem  to  forward  the  aClion  of  the  charcoal,  which  converts  them  into 
fulphur;  and  the  colour  remains  fixed  in  the  fpoon,  becaufe  there  is  no  combuf- 
tible  fubftance  prefent,  which  is  fufficiently  fo  to  promote  the  revival  of  the  calx. 
It  is  evident,  that  both  the  theories  of  chemiftry  are  applicable  to  thefe  faCls,  whe- 
ther the  charcoal  revives  the  calx  by  phlogifticating  it,  or  by  depriving  it  of  its 
vital  air ; or  whether  the  calcination  by  the  apex  of  the  flame  be  effe&ed  by  the 
diflipation  of  phlogifton,  or  by  the  abforption  of  vital  air  from  the  atmofphere. 

Nearly  fimilar  changes  are  produced  when  the  calx  is  fufed  with  borax,  or  an 
alkali. 

Regulus  of  manganefe  does  not  appear  to  combine  with  fulphur ; but  eight 
parts  of  the  calx  combine  with  three  of  fulphur,  and  produce  a yellowilh  green 
mafs,  which  is  a<5ted  upon  by  acids ; the  metal  being  diffolved  with  effervelcence, 
and  the  difengagement  of  hepatic  air.  The  remaining  fulphur  may  be  colledled 
on  a filter. 

This  femi-metal  melts  readily  with  mod  of  the  other  metals,  but  reje&is  mer- 
cury. Gold  and  iron  are  rendered  more  fufible  by  a due  addition  of  manganefe ; 
and  the  latter  metal  is  rendered  more  dudtile.  Copper  becomes  lefs  fufible,  and 
is  rendered  whiter,  but  of  a colour  fubjetft  to  tarnilh*. 

Regulus  of  manganefe  has  been  found  native  among  the  powdery  or  calciform 
ore  of  this  metallic  fubftance.  Its  properties,  in  this  ftate,  perfectly  refembles 
the  regulus  produced  by  art.  Manganefe  appears  to  exift  in  the  calcined  ftate  in 
all  its  ores ; though  contaminated  with  admixtures  of  earths,  or  other  metallic 
matters.  They  are  white,  red,  brown,  or  black  ; either  pulverulent,  indurated, 
or  cryftallized.  Vegetable  allies  likewife  afford  indications  of  manganefe. 

To  analyfe  the  ores  of  manganefe  in  the  humid  way,  they  muft  be  reduced  to  a 
fubtle  powder,  and  immerfed  in  a mineral  acid,  with  a piece  of  fugar  toafiiftthe 
folution.  If  nitrous  acid  be  repeatedly  abftraded  to  ignition  from  the  ore,  the  iron 
it  contains  will  be  rendered  nearly  infoluble  from  calcination,  and  the  manganefe 
may  b e taken  up  by  ftrong  concentrated  vinegar,  or  diluted  nitrous  acid.  This, 
when  precipitated  by  mild  mineral  alkali,  affords  180  grains  of  precipitate  for 
every  100  grains  of  regulus:  or  if  the  metals  be  precipitated  from  fuperabundant 
nitrous  acid,  by  Pruffian  alkali,  the  manganefe  will  be  totally  diffolved  by  pure 
water,  while  the  iron  remains  behind. 

The  ore  of  manganefe,  which  is  known  in  Derbylhire  by  the  name  of  black 
wadd,  is  remarkable  for  its  fpontaneous  inflammation  with  oil.  It  is  of  a dark 
brown  colour,  of  a friable  earthy  appearance,  partly  in  powder,  and  partly  in 
lumps.  If  half  a pound  of  this  be  dried  before  a fire,  and  afterwards  fuffered  to 
cool  for  about  an  hour-,  and  it  be  then  loofely  mixed  or  kneaded  with  two  ounces 
of  linfeed  oil ; the  whole,  in  fomething  more  than  half  an  hour,  becomes  gra- 


* Annales  de  Chimie,  i.  303. 
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dually  hot,  and  at  length  burfts  Into  flame.  This  efTedh  wants  explanation.  Tt 
feems,  in  fome  meafare,  to  refemble  the  inflammation  of  oils  by  the  nitrous  acid. 

The  prefence  of  manganefe  may  be  afcertained  in  the  dry  way  by  the  blow- 
pipe, from  the  Angular  changes  of  colour  already  defcribed,  when  fufed  with 
microcofmic  fait,  or  borax.  The  reduction  of  the  ore  is  effected  by  mixing  it 
with  pitch,  making  it  into  a ball,  and  putting  it  into  a crucible  lined  with  pow- 
dered charcoal,  one-tenth  of  an  inch  thick  at  the  fides,  and  one-quarter  of  an  inch 
thick  at  the  bottom  ; then  filling  the  empty  fpaces  with  powdered  charcoal,  and 
luting  on  a cover.  This  muft  be  expofed  to  the  ftrongeft  heat  of  a forge,  or  fur- 
nace, for  an  hour,  or  more.  As  the  calx  of  manganefe  is  ftrongly  difpofed  to  vitri- 
fication, fluxes  rather  impede  than  forward  the  reduction.  The  reduced  globules 
of  manganefe  are  ufually  enveloped  with  a vitrified  cruft,  which  either  partly  or 
completely  defends  them  from  the  a&ion  of  the  air ; but,  when  they  are  broken, 
they  lofe  their  metallic  brilliancy  and  confidence  in  a very  fhort  fpace  of  time. 

Manganefe  has  hitherto  been  ufed  chiefly  by  glafs-makers  and  potters;  but  the 
important  difcoveries  of  the  ufes  of  dephlogifticated  or  aerated  marine  acid  will,  no 
doubt,  extend  its  utility  to  feveral  other  manufactories *.  See  Acid,  marine 
aerated,  alfo  Bleaching. 

MANNA.  Several  vegetables  afford  manna;  it  is  extracted  from  the  pine, 
the  fir,  the  maple,  the  oak,  the  juniper,  the  fig,  the  willow,  the  olive,  &c.  but 
the  afh,  larch,  and  the  alhagi,  afford  it  in  the  largeft  quantitities.  Lobel,  Ronde- 
let,  and  others,  have  obferved  at  Montpellier,  upon  the  olive  trees,  a kind  of 
manna,  to  which  they  have  given  the  name  ofoeliomeli.  Tournefort  colledted  it 
from  the  fame  trees  at  Aix  and  at  Toulon. 

The  afh  which  affords  manna  grows  naturally  in  all  temperate  climates-;  but 
Calabria  and  Sicily  appear  to  be  the  moft  natural  countries  to  this  tree  ; or  at  leaft 
it  is  only  in  thefe  countries  that  it  abundantly  furnifhes  the  juice  called  manna  in 
commerce. 

The  manna  flows  naturally  from  this  tree,  and  attaches  itfelf  to  its  fides  in  the 
form  of  white  tranfparent  drops ; but  the  extraction  of  this  juice  is  facilitated, 
by  incifions  made  in  the  tree  during  fummer  : the  manna  flows  through  thefe 
apertures  upon  the  trunk  of  the  tree,  from  which  it  is  detached  with  wooden  in- 
ftruments.  Care  is  likewife  taken  to  infert  ftraws,  or  fmall  fticks  of  wood,  into 
thefe  incifions ; and  the  ftaladtites  which  hang  from  thefe  fmall  bodies  are  fepa- 
rated,  and  known  in  commerce  by  the  name  of  Manna  in  Tears : the  fmafleft 
pieces  form  the  manna  in  forts  or  flakes,  and  the  common  or  fat  manna  is  of  the 
worft  quality,  becaufe  the  moft  contaminated  with  earth  and  other  foreign  fub- 
ftances.  The  afh  fometimes  afford  manna  in  our  climates,  fpecimens  of  which 
Chaptal  faw  collected  in  the  vicinity  of  Aniane. 

Th«  larch,  which  grows  abundantly  in  Dauphiny  and  the  environs  of  Brian$on, 
likewife  affords  manna.  It  is  formed  during  the  fummer  on  the  fibres  of  the 
leaves,  in  white  friable  grains,  which  the  peafants  collect  and  put  into  pots,  which 
they  keep  in  a cool  place.  This  manna  is  of  a yellow  colour,  and  has  a very 
naufeous  fmell. 

The  alhagi  is  a kind  of  broom,  which  grows  in  Perfia.  A juice  trah fades  from 
its  leaves  in  the  form  of  drops  of  various  fizes,  which  the  heat  of  the  fun  indurates. 
An  interefting  account  of  this  tree  may  be  feen  in  Tournefort’s  Travels.  This 
manna  is  known  in  the  Levant,  in  the  town  of  Tauris,  by  the  name  ofTereniabin. 

* On  maaganefe,  confult  Scheele,  67 — 142;  Bergman,  ii.  201 — 227;  the  Memoirs  of  Pelletier, 
Berthollet,  &c.;  and  the  Abftra&s  by  Elementary  Writers  on  Mineralogy. 
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The  manna  mod  frequently  ufed  is  that  of  Calabria.  Its  fmell  is  drong,  and 
its  tade  fweetifh  and  naufeous : if  expofed  on  hot  coals,  it  fwells  up,  takes  fire* 
and  leaves  a light  bulky  coal. 

Water  totally  diffolves  it,  whether  hot  or  cold.  If  it  be  boiled  with  lime,  cla- 
rified with  white  of  egg,  and  concentrated  by  evaporation,  it  affords  cryftals  of 
fugar.  See  Sugar. 

Manna  affords,  by  diflillation,  water,  acid,  oil,  and  volatile  alkali : its  coal 
affords  fixed  alkali 

This  fubdance  forms  the  balls  of  many  purgative  medicines. 

MARBLE.  All  calcareous  hones  which  are  hard,  of  a clofe  texture,  and 
beautiful  appearance,  from  the  clearnefs  and  uniformity  of  their  colour,  or  from 
its  variety  and  admixture,  are  didinguifhed  by  the  name  of  marble.  For  an  enu- 
meration of  the  feveral  kinds,  Crondedt’s  Mineralogy  may  be  confulted.  The 
different  names  apply  chiefly  to  circumftances  of  outward  appearance,  much  more 
important  to  the  ftatuary  and  the  builder  than  to  thechemift. 

MARCASITE.  This  name  has  long  been  given  indifferently  to  all  forts  of 
minerals,  to  ores,  pyrites,  and  to  femi-metals.  At  prefent  it  feems  to  be  con- 
fined to  pyrites ; and  Wallerius  propofes  to  apply  it  only  to  fuch  pyrites  as  are 
regularly  formed.  This  appears  to  be  better  than  to  leave  it  to  a vague  and  inde- 
terminate fignification,  from  the  ambiguity  andobfcurity  which  might  thereby  be 
introduced.  The  word  is  little,  ufed.  See  Pyrites. 

MARGODES.  A blueilh  grey  ftone,  entirely  refembling  clay  in  its  outward 
appearance,  but  fo  hard  as  to  cut  fpars,  or  even  zeolytes,  though  not  to  fuch  a 
degree  as  to  give  fire  with  Reel;  dull  in  its  fradfure,  its  texture  thick  lamina,  and 
of  a conchoidal  form;  its  fpecific  gravity  2.877;  effervefces  with  acids. 
Kirwan  found  it  to  contain  50  per  cent,  of  calcareous  earth,  about  32  of  clay,  15 
of  filex,  and  two  of  iron. 

MARLE.  There  are  two  kinds  of  marie;  for  which  fee  Earth,  Fuller’s,  the 
one  confiding  of  clay  divided  by  a very  fine  fuller’s  earth,  and  the  common  marie, 
confiding  of  clay  divided  by  calcareous  earth.  Common  marie  participates  in  its 
properties  of  thofeof  its  refpeftive  component  parts.  When  crude,  it  effervefces 
with  acids ; but  does  not  after  it  has  been  burned.  It  hardens  in  the  fire  like  clay, 
and  the  morefo,  the  larger  the  quantity  of  clay  which  enters  into  its  compofition; 
but  it  falls  into  powder  by  expofureto  the  air  like  lime,  and  this  the  more  readily, 
the  greater  the  quantity  of  lime.  A drong  heat  converts  it  into  glafs.  See  Earth 
Calcareous. 

It  is  found  either  loofe  and  friable,  or  more  or  lefs  indurated.  The  femi-indu- 
rated  marie  is  nearly  as  hard  as  a done,  when  firddug  up,  but  falls  to  pieces  in 
the  open  air. 

Marie  is  of  excellent  fervice  for  the  improvement  of  lands,  which  it  appears  to 
do  by  altering  the  proportion  of  their  component  parts.  See  Arable  Land, 
and  Earth,  Vegetable. 

The  Englifh  farmers  didinguifh  fix  forts  of  marie:  i=  The  coro-fhut  marie, 
which  is  brown  mixed  with  fragments  of  chalk  and  blue  veins.  2.  Store  flate, 
or  flag-marle  : it  refembles  blue  flate,  and  crumbles  eafily  when  expofed  to  the 
air.  3.  Pont  marie,  or  delving  marie ; it  is  brown,  and  rough  to  the  touch.  4. 
Clay  marie  : whieh  contains  much  clay.  5.  Steel-marie  : its  colour  is  black,  its 
confidence  like  that  of  bits  of  paper. 

MARMOR  METALLICUM.  See  Spar  Ponderous. 
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MARS.  Chemifts  have  diftinguifhed  iron  by  the  name  of  the  planet  Mars, 
whence  the  term  martial  is  Hill  much  ufed  to  denote  compounds ’containing  that 
metal. 

MASSICOT.  Yellow  calx  of  lead.  SeeMiNiuM. 

MASTIC.  A refinous  fubftance  in  the  form  of  white  rears,  of  a farinaceous 
appearance,  having  little  fmell,  and  a bitter  aftringent  tafte.  It  flows  naturally 
from  the  tree,  but  its  produce  is  accelerated  by  incifions.  The  lefl'er  turpentine 
tree  and  the  lend  feus  afford  the  maftic  in  commerce. 

No  volatile  oil  is  obtained  from  this  fubftance  when  diftilled  with  water.  Pure 
ardent  fpirit  almoft  totally  diffolves  it  ; water  fcaicely  acls  upon  it;  though  by 
maftication  it  becomes  folt  and  tough,  like  wax.  It  is  ufed  in  fumigations,  in  the 
compofition  of  varnilhes,  and  is  fuppofed  to  flrengthen  the  gums. 

MATRASS.  See  Apparatus. 

MATRIX.  The  earthy  or  ftony  matters  which  accompany  ores,  or  envelop 
them  in  the  earth,  are  called  the  matrixes  of  thole  ores.  They  are  various,  and 
the  information  they  afford  to  miners  is  not  eafily  reducible  to  rule.  It  has  been 
remarked,  that  it  is  generally  found  among  cryftalline  or  filiceous  ftones,  and  lead 
among  thofe  of  the  calcareous  order. 

MATT.  Certain  metallic  ores,  particularly  that  of  copper,  are  diftinguifhed 
by  this  name  when  partly  deprived  of  fulphur,  and  fufed  into  a mals  with  the 
remaining  portion  of  that  fubftance. 

MATTER.  When  philofopljiers  fpeak  of  the  fubftance  which  compofes  the 
things  around  us,  in  the  moft  general  way,  they  ufe  the  term  matter.  This  term 
is  more  abftraH  than  the  word  body,  which  includes  the  confideration  of  limit ; 
but  it  is  lefs  abftradt  than  the  words  being  or  thing,  which  are  applicable  to  fub- 
ftances  which  do  not  poffefsall  the  common  properties  of  bodies,  if  indeed  it  be 
true,  that  any  fuch  fubftances  exift. 

MEASURES.  The  Englifh  meafures  of  capacity  are  according  to  the  follow- 
ing table. 

One  gallon,  wine  meafure,  is  equal  to  four  quarts. 

One  quart,  two  pints. 

One  pint,  28,875  cubic  inches. 

The  gallon,  quart,  and  pint,  ale  meafure,  are  to  the  meafures  of  the  fame  de- 
nominations, winemeafure,  refpedtively,  as  282  to  231. 

The  French  meafures  of  quantity  ufed  by  chemifts; 

The  quarte  is  equal  to  two  pintes. 

The  pinte  — two  chopines. 

The  chopine  — two  demi-fetiers. 

The  demi-fetier  - — two  porcons. 

The  portion  — four  Paris  ounces  of  water  at  the  freez- 
ing point.  The  proportion  of  the  Paris  ounce  to  the  Englifh  troy  ounce  is,  as  65 
to  64  . 

As  to  the  meafures  of  length,  it  is  fufficient  to  obferve  here,  that  the  Paris  foot 
is  equal  to  12.785  Englifh  inches,  or  to  the  Englifh  foot,  as  114  to  107.  For 
meafures  of  weight,  fee  Balance. 

MELASSE5.  The  juice  of  the  fugar  cane.  See  Sugar.  Treacle,  or  the 
refidue  after  the  feparation  of  the  cryftals  of  fugar  at  the  works,  is  exported  to 
America  and  Europe,  from  the  fugar  iflands,  where  it  is  fermented  and  diftilled. 
The  fpirit  thus  obtained  is  called  Melafles’  fpirit. 

MENSTRUUM.  A word  fynonymous  with  folvent. 
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MERCURY  is  diflinguifhed  from  all  other  metals  by  its  extreme  fufibility, 
which  is  fuch,  that  it  does  not  take  the  folid  (late  until  cooled  to  the  thirty-ninth 
degree  below  o on  Fahrenheit’s  thermometer  ; and  of  courfe  it  is  always  fluid  in 
the  temperate  climates  of  the  earth.  Its  colour  is  white,  and  rather  bluer  than 
filver.  In  the  folid  {late  it  is  malleable*;  its  fpecific  gravity  is  greater  than 
that  of  any  of  the  other  metals,  platina,  gold,  an  I wolfram  excepted.  It  is 
volatile,  and  rifes  in  fmall  portions  at  the  common  temperature  of  the  atmofphere, 
as  is  evinced  by  feveral  experiments,  moie  efpecially  in  a vacuum,  fuch  as 
obtains  in  the  upper  part  of  a barometer  tube.  At  the  temperature  of  about  fix 
hundred  degrees  it  boils  rapidly,  and  rifes  copioufly  in  fumes.  Few  of  the  other 
metals  melt  at  fo  low  a temperature  as  the  boiling  point  of  mercury.  When, 
expofed  to  fuch  a heat  as  may  caufe  it  to  rife  quickly  in  the  vaporous  form,  it 
gradually  becomes  converted  into  a red  calx,  provided  vital  air  be  prefent.  This 
is  known  by  the  name  of. precipitating^^  fe.  A greater  heat  however  revives  this 
metallic  calx,  at  the  fame  time  that  the  vital  air  is  again  extricated. 

Mercury  is  not  perceptibly  altered  by  mere  expofure  to  the  air ; though  by 
long  agitation,  with  accefs  of  air,  it  becomes  converted  into  a black  powder  or 
calx,  which  gives  out  vital  air  by  heat,  the  metal  being  at  the  fame  time  revived. 
This  metal  is  difpofed  to  attradl  moiflure  ; and  cannot,  for  that  reafon,  be  ufed 
in  the  conftru£tion  of  barometers  and  thermometers,  until  it  has  been  firft  boiled- 
in  an  open  velTel  for  the  fpace  of  about  half  an  hour. 

When  mercury  is  agitated  in  a dry  glafs  bottle,  the  friftion  between  the  metal 
and  the  glafs  produces  eledlricity.  If  the  bottle  be  imperfectly  exhaufted,  this 
eledlricity  pafles  into  the  vacuum,  and  produces  a light,  which  was  formerly 
thought  to  be  a proof  of  the  perfection  of  the  vacuum  in  the  upper  part  of 
barometer  tubes;  but  which,  in  fadl,  does  not  appear  in  fuch  barometers  as  have 
been  cleared  of  air  by  careful  boiling  in  the  tube. 

The  vitriolic  acid  does  not  a£t  on  this  metal,  unlefs  it  be  well  concentrated  and 
boiling.  For  this  purpofe  mercury  is  poured  into  a glafs  retort,  with  near  twice 
its  weight  of  vitriolic  acid.  As  foon  as  the  mixture  is  heated,  a ftrong  effervef- 
cence  takes  place,  vitriolic  acid  air  efcapes,  the  furface  of  the  mercury  becomes 
white,  and  a white  powder  is  produced  : when  the  vitriolic  air  ceafes  to  come 
over,  the  mercury  is  found  to  be  converted  into  a white,  opake,  cauftic,  faline 
mafs,  at  the  bottom  of  the  retort,  which  weighs  one  third  more  than  the  mercury, 
and  is  decompofed  by  heat.  Its  fixity  is  confiderably  greater  than  that  of  mercury 
itfelf.  If  the  heat  be  raifed,  it  gives  out  a confiderable  quantity  of  vital  air,  the 
mercury  being  at  the  fame  time  revived. 

The  white  mafs  produced  by  the  adlion  of  vitriolic  acid  upon  mercury,  confifts 
partly  of  a faline  mafs,  or  vitriol  of  mercury,  and  partly  of  a calx,  or  mercury 
united  to  vital  air  (fimply,  according  to  the  new  theory;  or  deprived  of  phlo- 
gifton,  according  to  the  old  theory,  which  phlogifton  is  fuppofed  to  enter  into 
the  combination  of  the  vitriolic  acid  air).  Water  feparates  the  fait  from  the  calx, 
which  laft  is  then  of  a yellow  colour.  Much  wafhing  is  required  to  produce  this 
colour,  if  cold  water  be  ufed  ; but  if  a large  quantity  of  hot  water  be  poured  on, 
the  calx  immediately  afiumes  a bright  lemon  colour.  In  this  Hate  it  is  called 
turbith  mineral. 

* The  reader  will  find  an  ample  account  of  the  freezing  of  quickfilver  in  Dr.  Blagden’s  HHiOry> 
fol.  lxxxiii.  of  the  Philofophical  Tranfa&ions, 

The 


M E R 


( 4S6  ) 


M E R 


The  vittiolof  mercury  affords  a fait  by  evaporation,  in  fmall  needle-formed 
deliquefcent  cryflals.  The  addition  of  a large  quantity  of  water,  more  efpe- 
cially  if  heated,  decompofes  vitriol  of  mercury,  which  depofits  turbith  mineral, 
unlefs  there  be  an  excefs  of  acid  in  the  fluid. 

The  fixed  alkalis,  magnefia,  and  lime,  precipitate  mercury  from  its  folution  : 
thefe  precipitates  are  reducible  in  clofed  veflels  by  mere  heat  without  addition. 

The  nitrous  acid  rapidly  attacks  and  diffolves  mercury,  at  the  fame  time  that 
a large  quantity  of  nitrous  air  is  difengaged  ; and  the  colour  of  the  acid  becomes 
green  during  its  efcape.  Strong  nitrous  acid  takes  up  its  own  weight  of  mercury 
in  the  cold  ; and  this  folution  will  bear  to  be  diluted  with  water.  Bur  if  the 
folution  be  made  with  the  afliflance  of  heat,  a much  larger  quantity  is  diffolved  ; 
and  a precipitate  of  calx  will  be  afforded  by  the  addition  of  diftilled  water,  which  is 
of  a yellow  colour  if  the  water  be  hot,  or  white  if  it  be  cold  ; and  greatly  re- 
fembles  the  turbith  mineral  produced  with  vitriolic  acid  : it  has  accordingly  been 
called  nitrous  turbith.  If  acid  be  added  to  the  folution  made  with  heat,  it  lofes  its 
property  of  being  decompofed  by  water.  This  decompofition  is  not  complete, 
but  only  deprives  the  acid  of  the  redundant  calx. 

All  the  combinations  of  mercury  and  nitrous  acid  are  very  cauflic,  and  form  a 
deep  purple  or  black  fpot  upon  the  fkin.  They  afford  cryflals,  which  differ 
according  to  the  date  of  the  folution.  When  nitrous  acid  has  taken  up  as  much 
mercury  as  it  can  diffolve  by  heat,  it  ufually  affumes  the  form  of  a white  faline 
mafs.  When  the  combination  of  nitrous  acid  and  mercury  is  expofed  to  a gra- 
dual and  long  continued  low  heat,  it  gives  out  a portion  of  nitrous  acid,  and 
becomes  converted  into  a red  fubftance,  fimilar  in  all  refpeds  to  the  red  calx  of 
mercury  formed  by  fimple  heating  it  in  contact  with  vital  air.  This  is  known 
by  the  name  of  red  precipitate. 

When  red  precipitate  is  ftrongly  heated,  a large  quantity  of  vital  air  is  difen- 
gaged, together  with  fome  phlogifticated  air,  and  the  mercury  is.fublimed  in  the 
metallic  form. 

Mercurial  nitre  is  more  foluble  in  hot  than  cold  water,  and  affords  cryflals  by 
cooling.  It  is  decompofed  by  the  affufion  of  a large  quantity  of  water,  unlefs  the 
acid  be  in  excefs. 

When  mercury  is  diffolved  in  nitrous  acid  by  means  of  heat,  nitrous  air  is 
emitted  at  firfl ; and  afterwards  it  ceafes,  though  the  folution  (fill  proceeds.  The 
mercury  which  is  taken  up  during  the  firfl  part  of  the  procefs  is  calcined,  and  the 
other  portion  is  diffolved  in  the  metallic  flate.  If  the  folution  be  flopped  in  the 
firfl  part  of  the  procefs,  fixed  and  volatile  pure  alkalis  precipitate  the  yellow  calx  ; 
but  if  the  folution  be  continued  after  the  efcape  of  the  elaflic  fluid  has  ceafed,  the 
precipitate  obtained  by  the  fame  means  is  black,  on  account  of  the  admixture  of 
metallic  mercury,  which  may  be  feparated  from  the  yellow  calx  by  diflillation. 

Ponderous  earth,  magnefia,  and  lime,  precipitate  the  nitrous  folutions  of  mer- 
cury ; and  thefe  precipitates,  as  well  as  all  the  other  calces  of  this  metal,  are  re- 
ducible by  heat  alone  without  addition. 

The  precipitates  of  mercury  from  acids,  by  means  of  alkalis,  poffefs  the  pro- 
perty : exploding  when  expofed  to  a gradual  heat  in  an  -iron  fpoon,  after  having 
been  pevioufly  triturated  with  one-fixth  of  their  weight  of  flowers  of  fulphur. 
The  refid ue  confifls  of  a-  violet-coloured  powder,  which  is  converted  by  fubli- 
mation  into  cinnabar.  It  feems  therefore  as  if  the  fulphur  combined  fuddenly 
with  the  mercury,  and  expelled  vital  air  in  the  elaftic  flate. 
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The  vitriolic  acid,  or  the  falts  containing  it,  deconipofe  the  nitrous  folutions  of 
mercury  by  virtue  of  the  ftronger  attraction  of  the  vitriolic  acid  to  the  metal. 
The  precipitate  which  falls  down  does  not  effentially  differ  from  the  fubftance 
produced  by  the  direft  folution  of  mercury  in  the  vitriolic  acid.  The  marine 
acid  likewife  feizes  the  mercury  diffolved  in  the  nitrous  acid,  and  forms  a com- 
pound which  falls  to  the  bottom.  This  confifts  of  a very  cauftic  fait,  which  is 
called  corrofive  fublimate,  and  is  produced  when  the  nitrous  folution  contains 
only  calx  of  mercury  ; but  when  that  folution  is  faturated  with  metallic  mercury, 
the  compound  which  falls  down  by  the  addition  of  marine  acid  is  called  white 
precipitate,  and  does  not  differ  from  the  preparation  which,  when  made  in  the 
dry  way,  is  called  calomel,  or  mercurius  dulcis. 

The  acetous  and  moft  other  acids  combine  with  the  calx  of  mercury,  and  preci- 
pitate it  from  its  folution  in  the  nitrous  acid. 

The  marine  acid  does  not  a&  perceptibly  upon  mercury  in  the  metallic  ftate ; 
but  the  dephlogifticated  or  aerated  marine  acid  readily  diffolves  it,  and  forms  the 
fame  combination  asarifes  from  the  direCt  union  of  marine  acid  with  calx  of  mer- 
cury ; that  is  to  fay,  corrofive  fublimate. 

The  great  fpecific  gravity  of  mercury  rendered  it  an  objeCt  of  peculiar  attention 
to  the  alchemifts  and  earlier  chemifts  ; many  of  whom  hoped  to  fix  it  in  the  form 
of  a folid  fubftance,  or  to  extract  gold  from  it.  From  thefe  motives,  a great 
variety  of  proceffes  have  been  made  with  it,  by  methods  which  are  much  lefs 
direct  and  Ample  than  thofe  of  modern  chemiftry.  Among  others,  the  combi- 
nation of  the  calx  of  mercury  with  marine  acid  is  produced  by  feveral  methods  in 
the  dry  way  by  fublimation.  In  the  large  way,  corrofive  fublimate  is  prepared 
by  triturating  equal  parts  of  mercury,  common  fait,  and  vitriol  together,  and  ex- 
pofing  the  whole  to  a moderate  heat.  The  corrofive  fublimate  rifes,  and  adheres 
to  the  upper  part  of  the  glafs  veffel.  In  this  operation  the  vitriolic  acid  from  the 
vitriol  is  fuppofed  to  calcine  the  mercury,  or  to  dephlogifticate  the  marine  acid  of 
the  common  fait;  in  either  of  which  cafes  the  compound  of  marine  acid  with  calx 
of  mercury  will  be  formed.  From  this  theory,  it  will  eafily  be  underftood  that 
corrofive  fublimate  may  be  prepared  by  various  methods.  If  the  white  mafs  or 
calx  of  mercury,  produced  by  expofing  that  metal  to  the  aCtion  of  vitriolic  acid, 
be  heated  in  a matrafs  with  an  equal  quantity  of  common  fait,  this  fublimate  will 
be  had  by  double  affinity  ; the  vitriolic  acid  partly  faturating  the  alkali,  and  the 
marine  acid  uniting  with  the  calx  of  mercury,  and  riling  by  fublimation.  In  the 
fame  manner,  the  nitrous  mercurial  fait,  or  the  mercurial  precipitates,  may  be  tiled 
inftead  of  the  calx  of  mercury  by  vitriolic  acid. 

As  the  caufticity  of  metallic  falts  depends  chiefly  on  the  difpofition  of  the  cal- 
cined metal  to  refumethe  metallic  ftate,  at  the  fame  time  that  it  burns  or  calcines 
the  fubftance  to  which  it  may  be  applied  ; it  is  accordingly  found  that  corrofive 
fublimate  poffeffes  this  property  in  the  moft  eminent  degree  ; it  is  therefore  one 
of  the  moft  aCtive  mineral  poifons.  This  fait  is  foluble  in  water,  though  fparingly, 
and  alfo  in  ardent  fpirit.  It  is  precipitated  of  an  orange  colour  by  fixed  alkalis. 
The  abforbent  earths  likewife  throw  down  its  calx.  Volatile  alkali  affords  a white 
precipitate,  which  foon  afterwards  affumes  a flate  colour. 

Corrofive  fublimate  becomes  much  more  foluble  in  water  by  the  addition  offal 
ammoniac,  with  which  it  forms  a triple  compound,  called  fal  alembroth  by  the 
alchemifts,  which  cryftallizcs  by  cooling.  The  addition  of  a fixed  alkali  throws 
do  wn  a white  calx  of  mercury,  called  white  precipitate  in  the  difpenfatories. 

The 


M E R 


M E R 


The  preparation  of  calomel  is  ufually  made  by  triturating  corrofive  fublimate 
in  a glafs  mortar  with  fluid  mercury,  added  by  a little  at  a time,  until  no  more 
can  be  made  todifappear.  A fmall  quantity  of  water  added  to  the  corrofive  fub- 
limate during  this  part  of  the  procefs,  prevents  that  fait  from  riling  in  the  form 
of  noxious  dull.  In  this  flate  the  combination  is  the  fame  as  that  obtained  from 
the  faturated  nitrous  folution  of  mercury  by  the  addition  of  marine  acid.  The 
mixture  of  corrofive  fublimate  and  mercury  is  more  perfedly  combined  by  ex- 
pofingit  to  fublimation.  It  adheres  to  the  internal  part  of  the  fubliming  veflel, 
in  the  form  of  a white  mafs  of  a ftriated  texture.  If  there  be  any  fufpicion  of 
its  containing  corrofive  fublimate,  which  is  not  probable  on  account  of  the  more 
volatile  nature  of  the  latter,  they  may  be  feparated  by  means  of  warm  water,  the 
calomel  being  infoluble. 

When  one  part  of  antimony,  which  is  the  native  combination  or  ore  of  anti- 
mony with  fulphur,  is  triturated  or  accurately  mixed  with  two  parts  of  corrofive 
fublimate,  and  expofed  to  diflillation,  the  dephlogifticated  or  aerated  marine 
acid  combines  with  the  regulus  of  antimony,  and  rifes  in  the  form  of  the  com- 
pound called  butter  of  antimony  ; while  the  fulphur  combines  with  the  mercury, 
and  forms  cinnabar.  If  the  regulus  of  antimony  be  ufed  inftead  of  the  mineral, 
the  refidue  which  rifes  lafl  confifts  of  running  mercury,  inftead  of  cinnabar. 

Mercury  combines  very  readily  with  fulphur.  By  trituration  in  a mortar  the 
mercury  difappears,  and  forms  a black  compound  with  the  fulphur,  which  is 
called  ethiops  mineral,  or  mercurial  ethiops.  The  combination  is  more  fpeedily 
made  by  mixing  fluid  mercury  with  melted  fulphur.  In  this  way  three  parts  of 
flowers  of  fulphur  unite  with  one  of  mercury.  If  the  fulphur  be  fet  on  fire,  the 
greateft  part  burns,  and  the  remainder  is  of  a violet  colour  when  pulverized. 
This  confifts  of  a more  intimate  combination  of  mercury  and  fulphur.  It  rifes  in 
a heat  nearly  approaching  to  rednefs ; and  the  fublimate,  which  is  called  cinnabar, 
contains- about  one  fifth  part  fulphur,  and  the  reft  mercury.  The  pigment  called 
vermilion  confifts  of  artificial  cinnabar  reduced  to  a powder.  See  Cinnabar. 

Livers  of  fulphur  are  decompofed  in  the  humid  way  b^  mercury,  which  unites 
with  fulphur.  With  the  fixed  alkaline  livers  of  fulphur  it  forms  a black 
powder,  or  ethiops,  by  agitation,  which  in  the  courfe  of  a number  of  years  becomes 
red  ; but  the  volatile  alkaline  hepar,  or  fuming  liquor  of  Boyle,  converts  mercury 
into  a fine  cinnabar  in  a very  fhort  time.  Turbith  mineral,  and  the  precipitates 
of  mercury,  are  likewife  converted  into  cinnabar  by  this  alkaline  hepar. 

Mercury  unites  by  trituration  with  oils  and  mucilages,  with  which  it  forms 
black  or  deep  blue  compounds.  A fmall  part  of  the  mercury  in  thefe  feems  to 
be  in  combination,  and  the  reft  in  a ftate  of  extreme  diyifion. 

This  metal  can  fcarcely  be  exhibited  in  die  dry  way,  on  account  of  its  vola- 
tility. The  degree  of  heat  required  to  convert  it  into  the  red  calx  called  pre- 
cipiiate^r  Je , is  rather  lower  than  its  boiling  point,  and  a greater  reduces  it  again 
to  the  metallic  ftate.  The  calcination  and  reduction  of  mercury,  without  addi- 
tion, afford  one  of  the  ftrongeft  arguments  in  favour  of  the  fyftem  which  rejeds 
phlogifton. 

In  the  produdion  of  the  red  calx  of  mercury,  it  is  required  that  air  be  prefent, 
and  the  metal  kept  in  a ftate  of  brifk  evaporation.  On  this  account  it  is  found 
convenient  that  the  veflel  fhould  be  fo  deep,  and  its  aperture  fo  fmall,  that  the 
fumes  may  not  make  their  efcape.  It  may  be  inferred,  that  in  this  as  well  as  other 
calcinations  there  is  an  abforption  of  vital  air ; more  efpecially  as  vital  air  is 
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expelled  from  the  calx  by  heat  *.  When  the  experiment  is  made  in  clofed  veffels 
by  means  of  a body  whofe  neck  is  introduced  beneath  a jar  containing  common 
air  over  mercury,  the  vital  part  is  abforbed,  and  phlogifticated  or  foul  air  remains ; 
and  afterwards,  by  an  augmentation  of  heat,  the  mercury  is  revived,  at  the  fame 
time  that  it  reftores  the  conftitution  of  the  air  by  the  emiflion  of  the  vital  air. 
Ten  days  or  a fortnight’s  conftant  heat  is  required  to  convert  a few  grains  of 
mercury  into  precipitate  per fe  in  the  fmall  way. 

Mercury  being  habitually  fluid,  very  readily  combines  with  moft  of/he  metals, 
to  which  it  communicates  more  or  lefs  of  its  fufibility.  When  thefe  metallic 
mixtures  contain  a fuflicient  quantity  of  mercury  to  render  them  foft  at  a mean 
temperature,  they  are  called  amalgams. 

It  very  readily  combines  with  gold,  filver,  lead,  tin,  bifmuth,  and  zinc ; more 
difficultly  with  copper,  arfenie,  and  regulus  of  antimony  ; andfcarcely  at  all  with, 
platina  or  iron  : it  does  not  unite  with  nickel  or  cobalt ; and  its  aftion  on  man- 
ganefe,  wolfram,  and  molybdena,  is  not  known.  Looking- glaffes  are  covered  on 
the  back  furface  with  an  amalgam  of  tin.  In  this  operation,  mercury  is  poured 
on  tin  foil,  upon  a flat  ftone,  and  fpread  with  a feather,  till  its  union  with  the  tin 
has  brightened  every  part  of  its  furface.  A large  quantity  of  mercury  is  then  poured 
on,  and  the  glafs  is  Aided  along  the  fluid  furface ; upon  which  it  is  afterwards 
prefled  by  weights,  to  exclude  the  fuperfluous  mercury. 

Mercury  is  found  native  inflaty  or  quartzofe  earths,  or  vifibly  diffufed  through 
mafles  of  clay  or  ftone.  Native  precipitate  per  Je , or  calx  of  mercury,  has  alfo 
been  found  ; and  this  metal  has  likewife  been  met  with  in  combination  with  the 
vitriolic  and  marine  acids.  Its  volatility  may  probably  have  caufed  it  to  be  over- 
looked in  many  minerals  that  may  contain  it.  The  greateft  quantity  of  mercury 
is  found  in  combination  with  fulphur,  in  the  form  of  cinnabar.  Mercury  is  a 
fcarce  metal.  Moft  of  the  mercury  in  commerce  is  afforded  by  the  mines  of 
Idria  in  the  Auftrian  dominions,  Almaden  in  Spain,  and  Guancavelica  in  Peru. 
The  native  mercury  requires  little  more  than  walhing  to  feparate  it  from  its 
matrix.  Cinnabar  in  the  native  ftate  is  frequently  mixed  with  calcareous  earth  ; 
in  which  cafe  the  mercury  may  be  feparated  by  diftillation,  becaufe  the  calcareous 
earth  combines  with  and  detains  the  fulphur.  Pure  cinnabar  may  be  decompofed 
by  the  addition  of  about  one  third  of  its  weight  of  iron.  In  all  cafes  wherein 
pure  mercury  is  required,  it  muft  be  diftilled  from  cinnabar,  or  its  fulphureous 
combination.  For  this  purpofe,  the  mercury  may  be  converted  into  ethiops,  and 
diftilled  with  twice  its  weight  of  quicklime  or  iron  filings.  Mercury  in  com- 
merce is  judged  to  be  pure  when  it  is  perfectly  fluid,  and  runs  in  neat  globules, 
without  any  pellicle  on  its  furface,  or  without  foiling  a funnel  of  clean  white 
pdper,  through  which  it  may  be  poured  by  a very  fmall  aperture  at  bottom.  If 
it  leaves  nothing  behind  after  evaporation,  its  purity  may  be  ftill  more  depend- 
ed on. 

To  analyfe  native  cinnabar,  its  ftony  matrix  Ihould  firft  be  diffolved  in  nitrous 
acid  ; and  the  cinnabar,  being  difengaged,  Ihould  be  boiled  in  eight  or  ten  times 
its  weight  of  aqua  regia,  compofed  of  three  parts  nitrous,  and  one  marine  acid  : 
the  mercury  may  then  be  precipitated  in  the  metallic  form  by  the  addition  of 
zinc. 

The]  ufes  of  mercury  have  already  been  mentioned  in  the  prefent  article,  and 
* Lavoifier,  Traite  Elementalre  de  Chimie,  page  35. 
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elfewhere.  The  amalgamation  of  the  noble  metals,  water-gilding,  the  making 
of  vermilion,  the  filvering  of  looking-glafles,  and  the  preparation  of  feveral 
powerful  medicines,  are  the  principal  ufes  to  which  this  metal  is  applied. 
MERCURY  OF  THE  PHILOSOPHERS;  and 

MERCURIFICATION.  I take  thefe  articles  without  alteration  from  the 
dictionary  of  Macquer,  as  the  fubjedt  does  not  feem  to  require,  or  deferve,  any  very 
extenfive  refearch.  Alchemifts  have  given  the  name  of  mercury. to  many  other 
things  befides  the  metallic  fubftance  generally  fo  called.  This  latter  they  cal?  ordi- 
nary mercury,  and  value  it  little.  We  cannot  precifely  fay  what  they  meant  by  their 
mercury,  from  the  obfcurity  of  their  writings,  and  alfo  from  their  different 
defcriptions  of  the  matter.  No  term  is  more  frequently  ufed  by  them  than  this. 
In  every  page  of  their  writings  we  find  the  words  mercury,  mercurification, 
i&c.  Probably  they  had  not  all  the  fame  idea  annexed  to  the  term  philofophical 
mercury.  The  moft  probable  opinion  upon  this  fubjedt  is,  that  this  mercury 
is  the  metallic  principle  which  Becher  has  called  mercurial  earth.  See  Earth 
Mercurial. 

Mercurification  is  an  alchemical  operation,  by  which  metals  are  faid  to  be 
reduced  into  a fluid,  heavy,  opake,  and  fhining  liquor,  like  ordinary  mercury  ; 
or  by  which  the  mercurial  principle  may  be  extradled  from  metals,  and  obtained 
in  the  form  of  quickfilver.  But  thefe  mercurified  metals,  or  their  mercurial 
principle  rendered  fenflble,  are  a kind  of  philofophical  mercury,  which,  although 
they  refemble  ordinary  mercury,  are  neverthelefs  faid,  by  perfons  exercifed  in  fuch 
ftudies,  to  differ  from  It  considerably,  by  having  a greater  fpecific  gravity,  by 
more  effedtually  penetrating  and  diffolving  metals,  by  a ftronger  adhefion  to  thefe, 
and  by  a lefs  volatility. 

We  may  find  in  the  books  of  many  authors,  who,  though  not  alchemifts,  give 
more  or  lefs  attention  to  thefe  fubjedts,  a great  number  of  proceffes  for  mereuri- 
fication,  or  for  obtaining  mercury  of  metals ; moft  of  which  are  very  long, 
laborious,  confufed,  and  confequently  fubjedt  to  fail.  The  detail  of  thefe  pro- 
ceffes  would  be  too  long.  An  account  of  the  principal  of  thefe  operations  may 
be  feen  in  Junker’s  Confpedtus  Chemise.  We  fhall  only  mention  fome  of  the 
eafieft  mercurifications  extradted  from  the  moft  modern  authors,  as  Wallerius  and 
Teichmeyert. 

If  cinnabar  of  antimony  made  with  corrofive  fublimate  be  diftilled,  we 
fhall  obtain,  by  reviving  the  .mercury,  a larger  quantity  of  mercury  than  was 
originally  in  the  corrofive  fublimate. 

If  a corrofive  fublimate  be  prepared  with  fpirit  of  fait  and  fluid  mercury,  and 
if  calx  or  filings  of  filver  be  feveral  times  fublimed  together  with  this  corrofive 
fublimate,  a part  of  the  filver  will  be  changed  into  mercury. 

Very  fine  filings  of  iron,  expofed  during  a year  to  the  air,  and  afterwards 
well  triturated  in  a mortar,  and  cleanfed  from  duft  and  extraneous  matter,  then 
expofed  during  another  year  to  the  air,  and  laftly,  diftilled  in  a retort,  furnifti 
a hard  matter  which  attaches  itfelf  to  the  neck  of  the  retort,  and  with  this  mat- 
ter a little  mercury.  Teichmeyert. 

If  calx  of  copper  be  mixed  with  fal  ammoniac,  and  this  mixture  expofed 
during  a certain  time  to  air,  and  diftilled  wiih  foap,  mercury  will  be  obtained. 

If  luna  cornea  or  plumbum  corneum  be  mixed  with  an  equal  weight  of  very 
concentrated  fpirit  of  fait,  digefted  together  during  three  or  four  weeks,  then 
an  equal  quantity  of  black  flux  and  Venice  foap  added  to  it,  and  the  whole 
matter  diftilled  in  a glafs  retort,'  fome  mercury  will  pafs  into  the  receiver. 
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Thefe  experiments  are  important,  and  eafily  made,  but  have  not  been  repeated 
by  modern  chemifts;  for  which  we  fee  no  other  reafon  than  the  fmall  hopes  of 
their  fucceeding.  If  they  fhould  fucceed,  they  would  afcertain  the  exigence 
of  a mercurial  principal  in  metals,  and  would  fomuch  more  confirm  the  theory 
of  Becher,  as  all  the  experiments  above  mentioned  are  made  with  the  marine 
acid,  which  that  chemift  fuppofes  to  contain  the  mercurial  earth.  The  conclu- 
fion  deducible  from  thefe  experiments  would  be,  that,  by  introducing  a fuper- 
abundant  quantity  of  mercurial  earth  into  metals,  a true  mercury  might  be 
obtained  from  them.  See  Metals. 

Many  other  procefles  for  mercurification  may  be  feen  in  authors  who  have 
treated  of  this  matter,  particularly  in  Junker’s  book  above  quoted,  in  which 
marine  acid  is  not  employed,  but  other  faline  matters,  or  fublimation  through 
the  burning  fuel,  with  concourfe  of  free  air,  in  Geber’s  manner.  In  this  latter 
cafe,  we  muft  look  for  the  mercurial  fubftance  in  the  metallic  fumes  and  flowers  ; 
and  if  any  fuch  fubftance  be  obtained,  it  muft  evidently  proceed  from  the  de- 
compofirion  of  the  metallic  matter  employed. 

Mr.  Grofle  fays,  in  the  Memoirs  of  the  Academy,  that  he  obtained  mercury 
from  lead  by  an  eafier  and  Ampler  procefs  than  thofe  above  mentioned.  This 
confifts  in  faturating  perfedfly  fome  good  nitrous  acid  with  lead,  which  may  be 
done  effectually  by  employing  more  lead  than  the  acid  can  diflolve ; and  from 
this  folution,  according  to  Mr.  Grofle,  a gray  powder  is  precipitated,  in  which 
mercury  is  difcovered.  This  experiment  being  ftiort,  Mefi'rs.  Macquer  and 
Beaume  repeated  it  with  due  attention  in  their  Courfe  of  Chemiftry;  but  they 
did  not  find  the  gray  mercurial  powder  mentioned  by  Mr.  Grofle.  As  the  ex- 
adtnefs  and  veracity  of  that  able  chemift  are  well  known,  we  muft  believe  that 
the  lead  which  he  employed  contained  fome  extraneous  mercury,  which  might 
eafily  happen  in  a laboratory.  The  fame  thing  has  poflibly  happened  in  other 
experiments  of  mercurification ; and  this  proves  how  circumfpedt  we  ought  to 
be  in  drawing  conclufions. 

METALS.  Metallic  fubftances  are  very  eafily  diftinguifbable  from  all  other 
bodies  in  nature,  by  their  very  great  weight,  and  that  opake  fhining  appearance 
which  is  called  the  metallic  fplendour  or  brilliancy.  Very  few  fubftances  have 
half  the  fpecific  gravity  of  the  lighted:  among  the  metals.  They  are  all  fufible, 
though  at  very  different  temperatures;  and  if  the  fufion  be  made  in  clofe  Veflels, 
they  fix  again  by  cold,  without  having  fuffered  any  change  but  that  of  external 
figure,  which  muft  be  produced  in  all  bodies  which  have  been  either  liquefied 
or  vdlatilized  ; namely,  they  affiume  the  form  of  the  veflel  which  contains  them. 
Some  of  them  may  be  extended  confiderably  by  the  hammer,  without  breaking 
them.  This  property  is  called  malleability  ; and  the  metallic  bodies  which  pof- 
fefs  it  are  called  entire  metals,  or  metals,  in  contra-diftindlion  to  fuch  as  are 
more  brittle,  and  are  called  femi-metals.  Metallic  fubftances  are  alfo  called  per- 
fect and  imperfedf.  The  perfedt  are  fuch  as  undergo  no  lading  change  of  their 
properties  by  any  heat  we  can  apply  to  them,  at  lead,  in  common  furnaces.  The 
imperfedt  metals,  when  cxpoled  to  a ftrong  heat,  with  accefs  of  vital  air,  aje 
changed,  by  a procefs  fimilar  to  burning,  and  in  fome  of  them  with  an  adlual 
flame,  into  a brittle  dull  fubftance,  called  a calx,  which  is  heavier  than  the 
metal  it  came  from,  though  its  fpecific  gravity  is  not  fo  great.  Some  are  even 
converted  into  acids.  It  the  calx  of  a metal  be  expofed  to  ftrong  heat  in  a 
clofed  veflel,  with  fome  inflammable  matter,  it  recovers  its  metallic  ftate.  This 
is  called  redudtion,  or  reviving  of  the  metal. 
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All  metals  are  imperfeCt,  except  gold,  filver,  and  platina.  The  imperfeCl 
metals  are,  mercury,  lead,  copper,  iron,  and  tin ; and  the  femi-metals  are, 
bifmuth,  nickel,  arfenic,  cobalt,  zinc,  antimony,  manganefe,  wolfram,  molybde- 
na,  and  uranite.  The  names  arfenic,  antimony,  manganefe,  wolfram,  and 
molybdena,  being  ufed  to  denote  the  mineral  fubftance  from  which  the  femi- 
metals  are  obtained,  the  femi-metals  themfelves  are  diftinguifhed  by  the  name 
of  regulus  of  arfenic,  regulus  of  antimony,  and  fo  forth  ; though  modern  chemifts 
often  ufe  the  fimple  term  to  denote  the  femi-metal  itfelf  alone. 

Metals,  like  other  fufible  bodies,  have  each  a fixed  temperature,  or  freezing 
point,  at  which  they  become  folid.  They  aflume  a cryftallized  figure  in  cooling, 
which  is  different  in  each,  and  may  be  feen  by  fufing  them  in  melting  pots  with 
a hole  in  the  bottom  flopped  with  aftopper ; or  better  in  many  cafes,  by  a difht 
or  flat  mould,  and  tilting  it;  for,  in  this  cafe,  if  the  furface  be  fuffered  to  con- 
geal, and  the  fluid  metal  beneath  be  fuffered  to  run  out  through  the  hole,  the 
under  furface  of  the  remaining  metal  will  be  curioufly  cryftallized.  The  fpecific 
gravity  of  metallic  fubftances  is  very  confiderably  affeCted  by  the  gradual  or  hafty 
cooling,  or  tranfition  from  the  fluid  to  the  folid  ftate.  Hammering  renders  them 
harder  and  more  elaftic;  but  this  effeCt  is  deftroyed  by  ignition. 

The  affinities  of  metals  to  each  other  are  various.  Some  will  not  unite  at  all  j 
others  mix  very  readily,  and  even  combine  together.  On  this  property  is 
founded  the  art  of  foldering ; which  confifts  in  joining  two  pieces  of  metal  to- 
gether by  heating  them,  with  a thin  piece  or  plate  of  a more  fufible  metal  inter- 
pofed  between  them.  Thus  tin  is  a folder  for  lead ; brafs,  gold,  or  filver,  are 
folders  for  iron,  & c. 

Mountainous  diftriCls,  where  the  furface  of  the  globe  has  been  thrown  up  or 
difturbed,  in  remote  ages,  by  earthquakes,  volcanos,  or  other  great  convulsions 
of  nature,  are  the  moft  abundant  in  metallic  bodies.  In  digging  into  the  bowels 
of  the  earth,  the  various  metals  are  moftly  found  difpofed  in  ftrata  or  beds,  which: 
in  plains  lie  level,  but  in  mountains  are  inclined;  whence  it  happens,  that 
in  mountainous  countries  fome  ftrata  are  often  expofed  to  the  day,  which 
would  elfe  have  been  too  deeply  lodged  to  be  come  at  by  human  art.  It  is  in 
the  ftratified  mountains  that  metals  are  ufually  found,  moftly  in  a ftate  of  com- 
bination either  with  fulphur  or  arfenic,  or  in  the  ftate  of  a calx.  They  are  alfo 
found,  though  lefs  frequently,  in  the  metallic  or  native  ftate. 

The  combinations,  or  earthy  bodies  which  contain  metals  in  fufficient  quantity 
to  be  worth  extracting,  are  called  ores.  Iron  ore  fometimes  forms  entire  mountains ; 
but  in  general  the  metallic  part  of  a mountain  is  very  inconfiderable  in  proportion 
to  the  whole.  The  ores  run  either  parallel  to  the  ftony  ftrata,  though  far  from 
having  the  fame  regularity  of  thicknefs,  or  they  crofs  the  ftrata  in  all  directions. 
1'hefe  metallic  ftrata  are  called  veins.  The  cavity  formed  by  art  in  the  earth,  for 
the  extraction  of  metals  or  any  other  mineral  bodies,  is  called  a mine.  The  ftone 
wherein  a metallic  ore  is  ufually  bedded,  is  called  its  matrix.  Thefe  are  not 
peculiarly  appropriated  to  any  metal,  though  fome  ftones  more  frequently  accom- 
pany metals  than  others. 

The  general  operations  by  which  metals  are  obtained  from  ores  are — r.  The 
minerals  are  feleCled  ; and  fuch  only  are  taken  as  from  experience  are  known,  by 
the  external  figure  or  appearance,  to  contain  metal.  2.  They  are  reduced  to 
powder ; and  the  lighter  parts  waffled  away,  by  means  of  water,  in  a fflallovv 
trough.  3.  The  volatile  parts  are  diffipated  by  the  operation  called  roafting. 
4,  The  ores  are  fmelted  by  throwing  them  into  the  midft  of  the  fuel  of  a furnace, 
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with  earthy  fubftances  which  are  difpofed  to  run  into  glafs.  In  this  operation, 
the  glafly  matter,  called  fcoria,  in  fome  meafure  produces  the  effed  of  rendering 
the  lower  part  of  the  furnace  a clofed  veflel ; and  the  fuel  revives  the  metal,  which 
in  the  ore  is  ufually  of  the  nature  of  cal.x.  The  revived  metal  being  much 
denfer  than  the  fcoria,  falls  to  the  bottom,  and  is  fuffered  to  run  out  by  proper 
openings.  Thefe  are  the  general  operations,  but  they  are  not  all  neceflary  in  all 
cafes  ; and  the  particular  pradice  with  the  feveral  ores  of  each  metal,  mud 
vary  according  to  the  properties  of  the  metal  itfelf,  and  the  different  fubftances  it 
is  united  with. 

The  extradion  of  metals  from  ores,  in  the  fmall  way,  which  is  necelfary  to  be 
made  in  order  to  afcertain  whether  the  fpecimens  are  worth  working,  is  called 
aflaying  or  eflaying.  In  thefe  fmall  trials,  the  fufibility  of  the  pounded  ore  is 
increafed  by  an  addition  of  black  flux,  which  is  an  impure  alkali,  formed  by  mix- 
ing two  parts  of  tartar  with  one  of  nitre,  and  fetting  them  on  fire.  Metallic  ores 
may  be  very  accurately  aflayed  by  folution  and  precipitation  in  the  humid  way. 
See  the  feveral  Metals. 

The  theory  of  the  calcination  and  reduction  of  metals,  according  to  the  fyftem 
of  phlogifton,  is  as  follows  : — Metals,  like  all  other  inflammable  bodies,,  contain 
phlogifton  united  to  a bafe.  While  the  vital  part  of  the  air  unites  with  the  bafe, 
the  phlogifton  is  difengaged,  and  leaves  behind  it  the  combination  called  a calx, 
which  is  heavier  than  the  metal,  becaufe  the  air  received  exceeds  the  weight  of 
the  phlogifton  difengaged. — In  the  antiphlogiftic  fyftem,  metals  are  confidered 
as  fimple  fubftances,  which  are  converted  into  calces  by  their  union  with  vital 
air,  and  are  revived  by  heating  them  with  any  other  matter  which  is  morecom- 
buftible  than  themfelves ; that  is  to  fay,  which  has  a ftronger  attraction  for  vital 
air,  at  the  temperature  of  reduction.  Some  of  the  maintainers  of  phlogifton 
admit  that  the  vital  air  unites  with  that  principle  of  inflammability,  and  compofes 
a fubftance  which  combines  with  the  bafe  of  the  metal.  Here  the  faCt  agrees 
with  the  ftatement  of  the  antiphlogiftians,  but  the  explanation  islefs  fimple. 

Moft  metals  will  uniformly  mix  with  each  other  ; and  the  fpecific  gravity  of 
the  compound  is  feldom  luch,  as  would  have  been  deduced  from  the  fuppofition 
of  a mere  mixture,  or  fimple  oppofition  of  parts.  Their  fufibility  is  likewife 
greatly  changed  by  mixture,  and  according  to  no  certain  rule  yet  difcovered. 

Mixtures  of  metals  are  frequently  called  alloys.  But  the  word  alloy,  or  allay, 
is  moftly  ufed  to  denote  a portion  of  metal  which  is  added  to  the  precious  metals, 
gold  or  filver. 

Metals  are  moftly  foluble  in  acids,  with  which  they  form  falts.  When  a 
metal  is  added  loan  acid,  the  general  effeCl  produced  is  the  fame  as  would  have 
arifen  from  the  addition  of  any  other  combuftible  fubftance  to  the  acid.  If  an 
alkali  or  earth  be  added  to  a metallic  folution,  the  metal  falls  to  the  bottom  in  the 
form  of  a calx.  But  if  a metal  which  has  a ftronger  affinity  with  the  acid  than 
the  metal  already  diflolved  has,  be  added  to  fuch  a folution,  the  former  metal  will 
fall  to  the  bottom  in  its  metallic  ftate,  and  the  latter  will  be  diflolved  without 
caufing  any  of  the  efcape  of  elaftic  fluid,  and  other  appearances,  which  w'ould 
have  taken  place  if  it  had  been  applied  to  the  mere  acid  ; notwithftanding  which, 
the  latter  metal,  if  precipitated  by  an  incombuftible  fubftance,  fuch  as  an  alkali 
or  earth,  w ill  be  in  the  ftate  of  a calx. 

It  is  evident,  from  thefe  fads,  that  the  adion  of  acids  upon  metals  is  fimilar 
to  that  of  heat  with  accefs  of  vital  air  j and  of  courfe  may  be  accounted  for,  upon, 
both  the  theories  of  chemiftry,  in  the  fame  manner  as  combuftion  itfelf.  Accord- 
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ing  to  the  original  theory,  when  an  acid  a<5ts  upon  a metal,  it  unites  with  the  bafe 
of  the  metal,  and  expels  the  phlogifton  ; which  either  rifes  alone,  in  the  form  of 
inflammable  air ; or,  combining  with  the  acid  itfelf,  forms  an  acid  air,  or  volatile 
acid.  If  an  alkali  be  added,  the  calx  falls  down,  combined  with  air,  which  it 
obtains  either  from  the  alkali  or  the  acid  ; but  if  a metal  be  added,  the  phlogifton 
of  this  laft,  uniting  with  the  calx  of  the  former,  revives  it,  and  it  falls  down  in 
its  metallic  ftate.  The  new  theory  may  be  applied  as  follows : When  a metal  is 
added  to  an  acid,  it  attradls  vital  air  either  from  the  acid  itfelf  or  from  the  water. 
If  the  former,  the  acid  itfelf  is  decompofed,  and  its  bafe,  combined  with  an  under 
proportion  of  vital  air,  arifes  in  the  form  of  volatile  acid,  or  acid  air.  But,  if  the 
latter,  the  water  itfelf  is  decompofed,  its  vital  air  combining  with  the  metal,  and  its 
inflammable  air  flying  off : in  this  cafe,  the  acid  is  fuppofed  to  do  nothing  more 
than  hold  the  calx  in  folution,  and  by  that  means  facilitate  the  adlion  of  the  water, 
which  would  be  much  lefs  effedtual  if  the  calx  were  fuffered,  on  account  of  its 
infolubility,  to  remain  upon  and  defend  the  furface  of  the  metal ; which  by  reafon 
of  its  infolubility  as  mere  water,  it  would  not  fail  to  do,  if  the  acid  were  not 
prefeht. 

Metals  are  precipitated  by  each  other  in  the  fame  order,  or  nearly  fo,  in  all 
acids.  Hence  it  is  inferred,  that  this  effedl  is  produced  by  there-adlion  of  fome 
common  principle,  either  of  the  metal  or  of  the  acids.  In  the  old  theory,  a 
metal  which  has  a ftronger  attraction  for  phlogifton,  will  take  that  principle  from 
another  metal  which  holds  it  more  weakly  ; and  of  courfe  the  latter  will  caufe  the 
former  to  be  precipitated  in  its  metallic  form.  In  the  new  theory,  a contrary 
tranfttion  of  vital  air  from  the  acid  produces  the  fame  effedl : for,  if  a metal  has  a 
ftronger  attradlion  for  vital  air  than  is  exerted  by  another  metal  already  in  folution, 
it  will  deprive  this  laft  of  it,  and  caufe  it  to  fall  down  in  the  metallic  ftate. 

Acids  diffolve  metals  opfyTn  their  calciform  ftate  ; and  there  is  a certain  limit 
near -which  the  folution  is  beft  performed.  If  an  acid  be  of  fuch  a nature  as  to  be 
incapable  of  calcining  a metal,  it  will  not  diffolve  it,  though  the  fame  acid  would 
diffolve  the  calx  if  prefented  to  it  j and  if  the  calcination  be  carried  on  too  far, 
the  calx  will  likewife  be  infoluble.  To  explain  this  according  to  the  two  theories, 
it  may  be  obferved,  that  acids  calcine  metals  by  virtue  of  their  attradlion  for  phlo- 
gifton, and  fufpend  the  calx  by  virtue  of  the  fame  power  exerted  on  the  remain- 
ing portion  of  phlogifton,  of  which  they  cannot  in  general  diveft  the  calx  ; con- 
sequently, if  the  calx  be  diverted  of  this  portion,  it  will  be  inloluble.  Or,  in 
the  other  theory,  the  Ample  metal  attradls  as  much  vital  air  from  the  acid  as  is 
Sufficient  to  convert  itfelf  into  a calx,  but  not  enough  to  faturate  it  with  that  prin- 
ciple : it  is  therefore  fufpended,  in  confequence  of  its  remaining  weak  attradlion 
for  the  vital  air  of  the  acid.  But  if  the  calcination  be  complete,  that  is  to  fay, 
if  the  affinity  of  the  metal  for  vital  air  be  perfedlly  fatisfied,  the  remaining 
attradlion  of  the  metal  for  vital  air  will  ceafe,  and  it  will  be  infoluble. 

The  diredl  adlion  of  alkaline  falts  upon  metals  is  not  confiderable  : fulphur 
combines  with  moft  of  them  readily  in  the  way  of  fuAon  ; and  the  combination 
of  fulphur  with  an  alkali,  called  liver  of  fulphur,  is  a powerful  folvent  of  all 
metals  except  zinc.  Nitre  heated  with  metals  adts  in  the  fame  manner  as  it  does 
with  other  inflammable  bodies  : it  deflagrates,  and  the  metals  become  calcined. 
The  perfedl  metals  refill  the  adlion  of  nitre. 

METALLURGY.  The  charadlers  from  which  mineralogifts  pretend  to 
affert  the  exiftence  of  an  ore  in  the  bowels  of  the  earth,  are  all  equivocal  and 
fufpicious.  The  favage  afpedl  of  a mountain,  the  nature  of  the  plants  which 

grow 


MET 


MET 


C 495  ) 

grow  upon  it,  the  exhalations  which  arife  from  the  earth,  all  afford  characters  too 
doubtful  for  a reafonable  man  to  rifk  his  fortune  upon  fuch  indications  alone. — 
The  dipping  wand,  or  divining  rod,  is  the  fruit  of  fuperflition and  ignorance:  and 
the  ridicule  which  has  been  fucceffively  thrown  upon  this  clafs  of  impoftors,  has- 
diminifhed  their  number;  at  the  fame  time  that  the  numerous  dupes  of  this  clafs 
of  men  have  rendered  their  fucceffor$  more  prudent.  It  is  neverthelefs  ufed  in 
Cornwall  to  this  day. 

The  nature  of  the  ftones  which  compofe  a mountain  is  capable  of  furnifhing 
fome  indications.  We  know,  for  example,  that  ores  are  feldom  found  in  granite,- 
and  the  other  primitive  mountains ; we  know  likewife  that  mountains  of  too  mo- 
dern a formation  contain  them  very  rarely  ; and  we  find  them  only  in  fecondary 
mountains,  in  which  the  fchiftus  and  ancient  calcareous  ftone  are  void  of  all 
impreffions  of  fhells. 

The  prefence  of  ponderous  fpar,  forming  a ftratum  or  vein  at  the  furface  of  the- 
earth,  has  been  confidered  by  many  mineralogifts  as  a very  good  indication^ 
Chaptal  fbews  very  good  reafon  for  believing  that  this  ftone  is  the  fame  which. 
Becher  has  fpoken  of  in  his  works,  under  the  name  of  Vitrifiable  Earth,- 
which  he  confidered  as  a principle  of  metals;  and  that  it  has  been  very  impro- 
perly taken  for  quartz  by  his  readers. 

When  we  poffefs  indications  of  the  exiftence  of  an  ore  in  any  place,  we  may 
life  the  borer,  to  confirm  or  deftroy  thefe  fufpicions,  at  a fmall  expence. 

It  frequently  happens  that  the  veins  are  naked  or  uncovered  : the  mixture  oft 
ftones  and  metals  forms  a kind  of  cement,  which  refifts  the  deftru&ive  adion  oft. 
time  longer  than  the  reft  of  the  mountain;  and  as  thefe  parts  of  rocks,  conneded 
by  a metallic  cement,  prefent  a ftronger  refiftance  to  the  adion  of  waters,,  which 
inceflantly  corrode  and  diminifh  mountains,  and  carry  away  their  parts  into  the 
lea,  we  frequently  obferve  the  veins  projeding  on  the  Tides  of  mountains  in- 
crufted  with  fome  flight  metallic  impreffion,  altered  by  the  lapfe  of  time. 

The  nature  of  an  ore  is  judged  from  infpedion.  A flight  acquaintance  with 
this  fubjed  is  fufficient  to  enable  the  obferver  to  form  an  immediate  judgment  of. 
the  nature  of  an  ore.  The  blow-pipe  is  an  inftrument  by  the  afhftance  of  which 
we  may  in  a fhort  time  become  acquainted  likewife  with  the  fpecies  of  the  ore. 
See  Blow-Pipe.  This  knowledge  forms  the  docimaftic  arr,  or  docimafia.  In  order 
to  make  the  affay  of  an  ore,  in  general,  for  all  ores  do  not  require  the  fame  procefs* 
fmall  pieces  ofthe  mineral  are  examined.  Thefe  are  cleared  fro  nr  foreign  and  ftony 
fubftances  as  much  as  poffible.  The  pure  mineral  is  then  pounded,  and  a 
certain  quantity  weighed,  which  is  torrified  in  a veffel  larger  and  lefs  deep  than 
a common  crucible.  By  this  means  the  fulphur,  or  the  arfenic  in  combination 
with  the  metal,  is  diflipated  ; and  by  the  lofs  of  weight  refulting  from  the  cal- 
cination, a judgment  is  formed  of  the  proportion  of  foreign  volatile  matter  it 
contained. 

This  firft  operation  fhews  the  proportion  and  quantity  of  fulphur  and  arfenic 
which  may  be  mixed  with  the  metal.  The  fulphureous  fmell  mayeafily.be  diftin.- 
guilhed  from  the  fmell  of  garlic,  which  characterizes  arfenic.  Thefe. foreign 
fubftances  mixed  with  the  metal  are  called  mineralizers. 

In  order  to  obtain  an  accurate  judgment  of  the  weight  of  the  mineralizer,  the 
augmentation  in  weight  which  the  metal  has  undergone  in  .palling  .from  its  metal- 
lic ftate  to  that  of  oxide  or  calx,  muft  be  added  to  the  lofs  occafioned  by  the 
calcination. 

Two  huidred  grams  of  this  roafted  ore  are  then  to  be  taken,  and  mixed  with 
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fluxes  capable  of  fufing  and  reducing  it.  In  this  operation  a crucible  is  made  ufe 
of;  and  a fufficient  degree  of  heat  being  applied,  the  metal  is  precipitated  to  the 
bottom  of  the  crucible  in  a button,  whofe  weight  indicates  the  quantity  of  metal 
contained  in  the  ore. 

Thefe  fluxes  mud  be  varied  according  to  the  nature  of  the  ores  under  examina- 
tion. It  is  neceflary  that  they  fhould  all  contain  the  coaly  principle,  todifengage 
the  vital  air  with  which  thefe  metals  are  impregnated  by  the  calcination.  But  the 
nature  of  the  flux  muft  be  varied  according  to  the  fufibility  of  the  metal.  The 
three  following  will  anfwer  all  thefe  purpofes: 

1.  The  fufible  material  called  black  flux  is  made  with  two  parts  of  tartar,  and 
one  part  of  nitre,  melted  together.  The  coaly  and  alkaline  refidue  is  ufed  to 
reduce  the  ores  of  lead,  copper,  antimony,  &c. 

2.  Two  hundred  grains  of  calcined  borax,  one  hundred  grains  of  nitre,  twenty 
grains  of  flaked  lime,  and  one  hundred  grains  of  the  ore  intended  to  be  aflayed, 
form  the  flux  of  Scopoli,  which  Chaptal  found  advantageous  in  the  aflay  of  iron  ores. 

The  vitreous  flux  of  M.  de  Morveau,  made  with  eight  parts  of  pounded  glafs, 
one  of  borax,  and  half  a part  of  powder  of  charcoal,  may  be  employed  for  the 
fame  purpofe. 

3.  Arfenic  and  nitre,  in  equal  parts,  form  likewife  a very  adive  flux. 

The  neutral  arfenical  fait  has  been  ufed  with  fuccefs  to  fufe  platina. 

As  foon  as  the  exiftence  of  a mine,  and  its  nature  and  riches  are  afcertained,  it 
is  in  the  next  place  neceflary  to, be  aflured  of  a fufflcient  abundance  and  continuity 
of  water  to  anfwer  the  purpofes  of  the  works.  It  is  likewife  neceflary  to  be  aflured 
of  poflefling  a fufficient  quantity  of  wood  or  charcoal,  and  more  efpecially,  a good 
director  muft  be  procured : for  a poor  mine  well  managed  is  preferable  to  a rich  one 
ill  conducted. 

Thefe  preliminary  circumftances  being  accomplifhed,  the  moft  Ample  and  leaft 
expenflve  procefles  muft  be  employed  in  extrading  the  mineral  from  the  bowels 
of  the  earth.  For  this  purpofe,  fhafts  or  galleries  muft  be  dug,  according  to  the 
pofttion  of  the  vein,  and  the  nature  of  its  fituacion. 

When  it  is  pradicable  to  arrive  at  the  Ade  of  the  vein,  and  at  a certain  depth, 
by  a horizontal  gallery,  the  works  become  more  Ample  and  economical ; the 
fame  opening  ferving  to  draw  off  the  waters,  and  extract  the  ore.  Galleries  are 
then  to  be  carried  on  to  the  right  and  left ; and  (hafts  funk,  which  communicate 
with  the  open  air,  as  likewife  others  carried  down  into  the  vein.  Galleries  are 
likewife  conftruded,  one  above  the  other,  and  the  communication  of  the  works 
kept  up  by  ladders.  When  the  foil  is  friable,  and  defective  in  folidity,  care  muft 
be  taken  to  fupport  it  with  timbers  of  fufficient  ftrength,  to  prevent  its  falling  in. 

Pickaxes,  wedges,  and  levers  are  ufed  to  detach  the  ore,  when  the  rock  is  foft ; 
but  it  is  moft  commonly  neceflary  to  employ  gunpowder. 

Want  of  air,  and  the  abundance  of  water,  are  almoft  always  noxious,  and  de- 
range mine-works.  The  water  is  carried  off  by  fire-engines,  wind-mill  pumps, 
and  other  fuitable  apparatus. 

Currents  of  air  are  produced  by  eftabjifhing  communications  with  the  galleries, 
by  horizontal  apertures.  Furnaces  ereded  on  the  fide  of  a fhaft,  to  which  a long 
tube  is  adapted  at  one  end,  communicating  with  the  afh-hole,  and  at  the  other 
plunging  into  the  fhaft  to  draw  up  the  air,  or  ventilators  placed  in  the  fame  fitua- 
tion  anfwer  a fimilar  purpofe.  The  foul  air  is  deftroyed  by  rendering  a lixivium 
of  afhes  cauftic;  and  fprinkling  quick  lime  about  the  mine  likewife  produces  the 
fame  effed. 
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A prudent  company  ought  to  extract  the  largeft  poffible  quantity  of  ore,  before 
they  determine  upon  conftruding  the  neceflary  works  for  the  fubfequent  procelfes. 
We  cannot  fee  into  the  bowels  of  the  earth.  Appearances  are  often  deceitful; 
and  we  have  feen  companies  either  ruined  or  difcouraged,  becaufe  they  had  em- 
ployed immenfe  fums  to  conftrud  the  neceflary  furnaces  to  work  an  ore  whofe 
existence  was  doubtful.  When  the  proceedings,  in  an  undertaking  of  this  kind, 
are  carried  on  with  proper  precaution,  and  no  more  expence  is  entered  into  than 
what  the  ore  extraded,  and  of  a known  value,  is  capable  of  reprefenting,  the  pro- 
bable Ioffes  are  very  flight,  even  in  the  pooreft  mine. 

The  works  ought  to  be  varied  according  to  the  nature  and  ftate  of  the  mineral. 
It  is  found  in  three  ftates  : — i.  In  the  form  of  a native  metal : in  this  cafe,  nothing 
more  is  neceflary  than  to  extract  it  out  of  the  mine,  to  clear  it  of  the  extrane- 
ous fubftances,  and  to  fufe  it.  2.  In  the  form  of  calx : and  in  this  ftate  it  is 
fufficient  if  it  be  forted  and  fufed.  3.  Combined  with  fulphur  or  arfenic,  in  which 
cafe  it  muft  be  made  to  undergo  fome  other  operations. 

Although,  in  this  laft  cafe,  the  works,  fubfequent  to  the  extraction,  vary 
according  to  the  nature  of  the  ore,  there  are  neverthelefs  certain  general  operations 
to  which  every  kind  of  ore  is  fubjeded. 

The  firft  bufinefs  muft  be  to  clear  the  metal  of  the  ftony  matter  or  matrix. 
For  this  purpofe,  when  the  ore  is  extracted,  children  are  employed  who  examine 
it,  and  feparate  the  pure  ore,  or  rich  mineral,  from  that  which  is  mixed  with  the 
gangue.  As  in  this  fecond  quality  the  ftone  is  mixed  with  the  ore,  the  whole  is 
pulverized  by  means  of  a ftamping  mill,  confifting  of  peftles  of  wood,  fhod  with 
iron,  and  armed  with  cocks,  which  are  raifed  by  levers  proceeding  from  the  axis 
of  a wheel  that  conftantly  turns.  The  mineral  is  by  this  means  crufhed  and 
pulverized  ; and  a ftream  of  water,  which  is  made  to  pafs  over  ir,  carries  away 
both  the  metallic  and  ftony  particles ; the  former  being  depofited  in  the  firft  veffels 
through  which  the  water  is  made  to  circulate,  while  the  latter,  or  ftony  part,  is 
carried  to  a greater  diftance,  on  account  of  its  lightnefs. 

This  pulverized  ore  is  called  fclich  ; and  in  order  to  feparate  all  the  earthy 
parts,  it  is  wafhed  upon  tables  flightly  inclined,  over  which  a conftant  ftream  of 
water  is  made  to  flow.  The  fclich  is  agitated  with  brooms ; the  water  carries  away 
all  the  fragments  of  ftone,  and  leaves  the  pure  ore  upon  the  table. 

The  calcination  of  the  mineral  fucceeds  the  wafhing.  In  this  operation,  the 
mineralizer  is  carried  off.  Fire  is  always  the  agent  made  ufe  of:  Sometimes  the 

pounded  mineral  is  difpofed  in  piles  upon  heaps  of  wood,  which  being  fet  on  fire, 
heat  the  ore  ftrongly,  and  drive  off  the  mineralizer.  This  calcination  pofleffes 
the  double  advantage  of  difpofing  the  metal  for  fufion,  as  well  as  clearing  it  of  the 
mineralizing  fubftance.  When  the  ore  is  more  friable,  it  is  fpread  out  in  a rever- 
beratory furnace;  and  the  flame  which  reverberates  upon  it  deprives  it  of  its 
mineralizer,  at  the  fame  time  that  it  partly  fufes  it* 

M.  Exchaquet  has  propofed  to  deftroy  the  fulphur  by  nitre  in  aflays.  This 
procefs  is  excellent  for  copper  ores : the  quantity  of  nitre  varies  according  to  the 
quantity  of  fulphur;  but  there  is  no  danger  of  adding  too  much.  In  this  opera- 
tion the  mixture  is  thrown  into  an  ignited  crucible,  and  kept  at  a moderate  heat 
for  fome  minutes. 

The  fuflon  is  effeded  in  furnaces,  excited  by  a current -of  air,  kept  up  by  means 
of  large  bellows,  or  a machine  called  a trompe.  See  Trompe. 

METEORS,  and 

METEOROLOGY.  The  ftate  and  condition  of  the  great  fluid  mafs,  in 
which  we  breathe,  and  the  changes  which  take  place  therein,  are  objeds  of  no 
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fmall  importance  to  the  chemical  philofopher.  Among  the  variety  of  experi- 
ments on  permanently  elaftic  fluids,  it  is  found  that  molt  of  them  are  capable  of 
uniformly  mixing  together,  when  their  nature  is  fuch  as  not  to  aft  perceptibly 
upon  each  other.  But  in  the  exteniive  mafs  of  the  atmofphere,  it  feems  likely 
that  confiderable  feparations  of  its  component  parts  take  place  in  confequence  of 
their  different  fpecific  gravities.  This  fuppofition  is  countenanced  by  feveral 
optical  phenomena,  fuch  as  the  double  appearance  of  head  lands.  In  this  way 
fome  writers  account  for  the  appearance  of  the  aurora-borealis,  (hooting  ftars, 
and  other  fimilar  appearances,  which  they  fuppofe  to  confift  of  inflammable  air, 
occupying  the  upper  region  of  the  atmofphere,  and  fired  by  eleftricity.  It  is  a 
remarkable  circumftance,  that  moft  of  thefe  fiery  appearances  happen  at  an  eleva- 
tion, which  is  geometrically  determined  to  be  almoft  twice  as  great  as  that  which 
aftronomical  writers,  by  deductions  founded  on  the  refraftion  of  the  light  of  the 
heavenly  bodies,  and  the  law  of  dilatation  of  air  near  the  furface  of  the  earth,  have 
afligned  as  the  fenfible  limit  of  the  atmofphere.  Hence  it  fhould  follow,  that  the 
elafticity  of  the  upper  parts  exceeds  that,  of  the  lower;  which  affords  no  inconfider- 
able  prefumption  that  this  upper  part  is  chiefly  compofed  of  fuch  air  as  we  know 
to  be  the  moft  elaftic,  namely,  the  inflammable.  The  compofition  of  water  out 
of  the  two  ingredients,  vital  and  inflammable  air,  has  alfo  afforded  ground  for 
meteorological  induftion.  It  has  been  concluded,  that  water  is  not  only  con- 
denfed  and  precipitated  by  the  agency  of  eleftricity,  in  thunder  (forms,  but  that 
it  is  likewife  compofed  out  of  its  elements  by  the  combuftion  of  thefe  two  airs  in 
every  cafe  where  atmofpherical  corrufcation  is  exhibited. 

The  phtenomena  of  winds,  though  chiefly  depending  on  the  hydroftatical 
change  in  the  denfity  of  the  air  by  alteration  of  temperature,  well  deferve  the 
attention  of  the  chemift.  The  effeft  of  furnaces,  the  clearingof  laboratories, 
burial  vaults,  houfes  of  office,  mines,  and  other  excavations,  from  noxious 
effluvia,  are  all  governed  by  general  laws  of  the  fame  nature  as  thofe  which  caufe 
the  currents  of  air  around  us.  Even  the  fudden  and  frequently  impetuous  current 
of  air  which  accompanies  a fall  of  rain,  or  fquall,  though  it  be  merely  produced 
by  the  mechanical  aftion  of  the  falling  drops  of  water,  has  afforded  ground  for 
ufeful  meditation-  There  is  no  doubt  but  we  are  indebted  to  confiderations  on 
this  natural  appearance  for  the  cheap  and  ufeful  blowing-machine,  which  the 
French  call  a trompe.  See  Trompe. 

It  may  feem  at  the  firft  fight,  as  if  obfervations  on  the  (landing  of  the  barome- 
ter and  thermometer  were  of  no  very  immediate  ufe  to  the  practical  chemift. 
But  if  it  be  conftdered,  that  the  effeft  of  an  air  furnace  depends  on  the  difference 
of  the  denfity  of  the  air  in  the  chimney,  and  that  which  enters  the  afh-hole  ; and 
that  the  mere  difference  indicated  by  the  barometer,  amounts  to  one  fifteenth  part 
in  its  extremes  of  the  whole  quantity  of  the  external  air,  in  a given  place,  not  to 
mention  the  effeft  pointed  out  by  the  thermometer,  it  will  not  appear  ftrange  that 
thefe  caufes  fhould  greatly  influence  the  refults  in  metallurgical  operations,  and 
be  very  perceptible  in  the  burning  of  our  culinary  fires.  The  philofophical 
chemift  is  no  lefs  interefted  in  the  (late  of  the  air,  as  (hewn  by  thefe  inftruments. 
For  it  cannot  but  be  of  great  confequence  to  his  deduftions,  to  know  the  external 
preflure  which  is  conftantly  afting  upon  the  elaftic  fluids  he  may  either  weigh 
or  meafure.  If  this  and  the  temperature  be  not  carefully  attended  to,  he  will 
fcarcely  find  any  two  refults,  made  at  diftant  times,  agree. 

The  prefence  ofmoifture,  or  rather  its  difpofition  to  beabforbed,  or  given  out, 
as  fhewn  by  the  hygrometer,  muft  be  of  confiderable  importance.  It  affefts  the 
elafticity  of  every  kind  of  air,  and  there  is  no  doubt  but  combuftion  and  its  pro- 
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duCts  will  vary  accordingly  as  it  is  maintained  by  an  air  which  is  moifter  or  more 
dry.  It  is  probable  that  the  quantities  of  finery  cinder  afforded  by  iron  may 
vary  from  this  caufe. 

The  effects  of  folution  and  precipitation  analogous  to  what  happens  in  denfer 
fluids,  have  been,  perhaps  too  fancifully,  delineated  among  the  atmofpheric 
changes.  But  there  is  every  reafon  to  think,  that  as  our  knowledge  of  the  great 
fyftem  of  nature  (hall  improve,  the  play  of  the  chemical  affinities  will  fhew  itfelf 
more  evidently  in  the  atmofphere. 

METHEGLIN.  A fermented  beverage  made  from  honey. 

MICA.  This  ftone  in  its  pureft  ftate  is  colourlefs ; but  either  from  a lefs 
intimate  combination,  or  from  a mixture  of  fome  fuperfluous  ingredient,  prin- 
cipally iron,  it  is  found  of  different  colours,  white,  red,  yellow,  green,  brown, 
or  black  (the  white  and  yellow  fort  have  a fplendid  metallic  appearance), 
fmooth,  but  not  greafy  to  the  touch,  which  diftinguilhes  it  from  talc.  Its  texture 
is  always  lamellar  or  fcaly,  and  the  lamellae,  or  fcales,  are  flight! y flexible  and 
often  elaftic ; thefe  fcales  are  fometimes  parallel  to  each  other,  fometimes  inter- 
woven, fometimes  wavy  or  undulated,  and  fometimes  they  reprefent  filaments. 
Its  fpecific  gravity  is  from  2.535  t0  3*ooo,  when  loaded  with  iron. 

It  does  not  effervefce  with  acids,  and  is  infoluble  in  them  without  particular 
management ; but  after  it  has  been  calcined  with  four  times  its  weight  of  fixed 
alkali,  it  effervesces  ftrongly,  and  is  in  great  meafure  foluble. 

The  pure  colourlefs  mica  is  infufible  per  Je , and  fcarcely  melts  even  with 
mineral  alkali,  but  yields  more  readily  to  borax  or  microcofmic  fall,  with  fcarce 
any  effervefcence ; but  the  coloured  forts  were  found  by  M.  Sauflure  to  be  fufible 
per  fe , though  with  difficulty,  for  they  require  a ftronger  heat  than  flioerl  does. 

One  hundred  parts  of  the  colourlefs  kind  contain  38  of  filex,  28  of  argill,  20 
of  magnefia,  and  14  of  the  moft  dephlogiflicated  calx  of  iron.  Martial  mica 
contains  befides,  10  or  12  per  cent,  of  a more  phlogifticated  calx  of  iron,  from 
whence  its  various  colours  are  derived,  and  a proportionably  fmaller  quantity  of 
the  other  ingredients. 

MICROCOSMIC  SALT.  A triple  fait  obtained  from  urine,  and  much  ufed 
in  allays  by  the  blow-pipe,  under  this  name.  The  method  of  extracting  it  accord- 
ing to  Weigleb  is  as  follows: — A large  quantity  of  urine,  either  frelh  or  putrid,  is 
evaporated  to  the  confidence  of  a thin  fyrup.  The  veffel  is  then  fet  by  in  a cool 
place,  and  in  the  fpace  of  a month  the  microcofmic  fait  feparates  in  the  form  of 
prifmatic  cryftals,  of  aflightly  faline  tafteand  reddilh  brown  colour.  The  remain- 
ing liquor  being  decanted,  thefe  cryftals  are  again  diflolved  in  as  much  warm 
water  as  is  requifite,  and  the  filtered  liquor  is  immediately  fet  in  a cooler  place, 
wffience  in  the  fpace  of  five  days  finer  and  purer  cryftals  are  obtained.  Thefe  may 
afterwards  be  diflolved  once  more  in  warm  water,  filtered  and  cryftallized  till 
they  have  acquired  the  requifite  whitenefs.  The  quantity  thus  obtained  is  very 
fmall.  As  the  phofphoric  acid  is  now  eafily  to  be  procured  or  made,  it  would 
probably  anfwer  the  purpofe  of  the  chemical  philofopher  better,  to  ufe  the  pure 
combination  of  phofphoric  acid,  and  volatile  alkali  made  in  the  direCt  way.  This 
fait  does  not  cryftallize  unlefs  there  be  a flight  accels  of  alkali. 

MILD  ALKALIS,  or  EARTHS.  The  alkalis  and  lime  are  ufually  met 
with  in  combination  with  fixed  air.  Heat  expels  this  fubftance  from  lime,  and 
the  alkalis  are  deprived  of  it  by  the  fuperior  attraction  of  pure  quick  lime,  with 
which  they  are  treated  for  that  purpofe.  Thefe  practical  operations  were  made 
long  before  the  exiftence  and  properties  of  fixed  air  were  well  afcertained.  The 
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alkalis  and  lime,  when  combined  with  fixed  air,  obtained  the  name  of  mild,  frotik 
their  flight  aftion  upon  organized  fubftances,  compared  with  their  a&ion  when, 
deprived  of  it.  In  this  laft  ftate,  they  were  faid  to  be  cauftic.  The  terms  cauftic 
and  mild  are  ftill  frequently  applied  to  the  alkalis,  and  alfo  to  lime,  magnefia,  and 
ponderous  earth. 

MILK  is  a well  known  fluid,  fecreted  in  peculiar  veffels  of  the  females  of 
the  human  fpecies,  of  quadrupeds,  and  of  cetaceous  animals,  and  deftined  for 
the  purpofe  of  nourifhing  their  young.  Its  appearance  and  component  parts, 
are  not  altogether  the  fame  in  various  fpecies  of  animals ; but  the  differences 
have  not  yet  been  well  afcertained.  For  this  reafon,  in  treating  of  milk,  our 
attention  will  be  confined  to  that  of  the  cow,  becaufe  the  moft  abundantly  met 
with.  This  fluid  is  of  a beautiful  opake  white  colour,  nearly  as  limpid  as  water,, 
and  of  a pleafant  emulfive  tafte.  Its  appearance  on  the  ftage  of  a microfcope. 
exhibits  an  infinity  of  minute  opake  globules  floating  in  a tranfparent  fluid. 

Cow’s  milk,  diftiiled  on  a water  bath,  affords  a taftelefs  phlegm  of  a faint, 
fmell,  which  is  capable  of  putrefying.  A.  ftronger  heat  coagulates  it.  It  is 
fometimes  gradually  dried  into  a fubftance  which  is  a kind  of  faccharine  extract, 
and  may  again  be  diffufed  in  water.  By  deftrudtive  diftillation,  milk  affords  an 
acid,  a fluid  oil,  a concrete  oil,  and  volatile  alkali.  Its  refidual  coal  contains  a 
fmall  quantity  of  vegetable  alkali,  fome  fait  of  Sylvius,  and  phofphoric  calcareous- 
fait. 

When  milk  is  left  to  fpontaneous  decompofition,  at  a due  temperature,  it  is 
found  to  be  capable  of  paffing  through  the  vinous,  acetous,  and  putrefaftive  fer- 
mentations. It  appears  however,  probably  on  account  of  the  fmall  quantity  of. 
ardent  fpirit  it  contains,  that  the  vinous  fermentation  lafts  a very  fhort  time, 
and  can  fcarcely  be  made  to  take  place  in  every  part  of  the  fluid  at  once  by  the 
addition  of  any  ferment.  This  feems  to  be  the  reafon  why  the  Tartars,  who, 
make  a fermented  wine  from  mare’s  milk,  called  koumifs,  fucceed  by  ufing  large, 
quantities  at  a time,  and  agitating  it  very  frequently. 

The  coagulation  of  milk,  in  the  manufacture  of  cheefe,  is  effected  by  the.- 
addition  of  rennet,  which  is  the  infufion  of  the  ftomach  of  a fucking  calf  in 
water,  prepared  in  various  ways,  according  to  the  fancy  of  the  makers.  This- 
fluid  feems  toowe  its  properties  to  the  gaftric  juice  of  the  animal.  The  feparated 
curd  is  wrapped  in  a cloth  with  fait,  and  prefled,  to  deprive  it  of  the  fuperfluous, 
whey  ; after  which,  it  is  preferred  for  feveral  months  or  years  before  it  is  confi-- 
dered  as  fit  for  ufe. 

Cheefe,  when  decompofed  by  deftru&ive  diftillation,  affords  an  . alkaline, 
phlegm,  an  heavy  oil,  and  much  volatile  alkali.  Its  refidual  coal  is  difficult  to 
incinerate,  and  does  not  afford  fixed  alkali.  By  treating  it  with  the  nitrous  acid, 
it  is  found  to  contain  lime  and  phofphoric  acid.  Cheefe  is  not  foluble  in  water. . 
Hot  water  hardens  it. 

The  faccharine  fubftance  upon  which  the  fermenting  property  of  milk  depends,, 
is  held  in  folution  by  the  whey  which  remains  after  the  feparation  of  the  curd  in 
making  cheefe.  This  is  feparated  by  evaporation  in  the  large  way,  for  pharma- 
ceutical purpofes,  in  various  parts  of  Switzerland.  When  the  whey  has  been 
evaporated  by  heat,  to  the  confidence  of  honey',  it  is  poured  into  proper  moulds, 
and  expofed  to  dry  in  the  fun.  If  this  crude  fugar  of  milk  be  diffolved  in 
water,  clarified  with  whites  of  eggs,  and  evaporated  to  the  confidence  of  fyrup, 
white  cryftals,  in  the  form  of  rhomboidal  parallelopipedons,  are  obtained. 

Sugar  of  milk  has  a faint  faccharine  tafte,  and  is  foluble  in  three  or  four  parts 
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©f  water.  It  yields  by  diftillation  the  very  fame  prod udls  tha't  other  fugars  do. 
It  is  remarkable,  however,  that  the  empyreumatic  oil  has  a fmell  refembling 
flowers  of  benzoin.  Twelve  ounces  of  diluted  nitrous  acid  being  poured 
upon  four  ounces  of  finely  powde  ed  fugar  of  milk,  in  a glafs  retort,  on  a fand- 
bath,  with  a receiver  annexed,  the  mixture  became  gradually  hot,  and  at  length 
effervefced  violently,  and  continued  to  do  fo  for  a confiderable  time  after  the 
retort  was  taken  from  the  fire.  It  is  neceflary  therefore,  in  making  the  experi- 
ment, to  ufe  a large  retort,  and  not  to  lute  the  receiver  too  tight  to  the  retort. 
After  the  eflervefcence  had  in  fome  meafure  fubfided,  the  retort  was  again  placed 
on  the  fand-bath;  and  the  nitrous  acid  diftilled  off,  till  the  mafs  acquired  a yel- 
lowilh  colour.  This  yellow  fluid  exhibited  no  cryftals.  Eight  ounces -more  of  the 
fame  nitrous  acid  were  therefore  added,  and  the  diftillation  again  repeated,  till 
the  yellow  colour  of  the  fluid  difappeared.  The  fluid  became  infpiflated  by 
cooling;  it  was  therefore  re-diflolved  in  eight  ounces  of  water,  and  filtered. 
Seven  drams  and  a half  of  a white  powder  remained  on  the  filter,  and  the  clear' 
folution  afforded  cryftals  of  faccharine  acid.  The  mother  water  was  again  treated 
feveral  times  with  nitrous  acid,  by  which  means  the  whole  was  at  length  changed: 
into  faccharine  acid. 

The  white  powder  that  remained  on  the  filter  was  found  to  be  combuftible, 
like  oil  in  a red  hot  crucible,  without  leaving  any  mark  of  afhes  behind.  It  was 
foluble  in  fixty  times  its  weight  of  boiling  water;  and  one  fourth  part  feparated 
by  cooling,  in  the  form  of  very  fmall  cryftals.  The  remaining  mafs  being  then 
collected,  by  evaporating  the  greateft  part  of  the  water,  left  behind  a fmall  por- 
tion of  the  acid  of  fugar-,  of  which  it  had  not  been  fo  exadfly  deprived  by  edul- 
coration  on  the  filter.  From  thefe  circumftances  it  appeared,  that  the  white  mat- 
ter was  a fait ; and,  upon  examination,  it  was  found  to  be  an  acid  poffeffing  the 
following  properties : 

With  all  the  foluble  earths,  it  forms -falts  infoluble  in  water.*  It  difengages 
fixed  air  from  the  mild  alkalis.  With  vegetable  alkali  it  forms  a crvftalhzable 
fait,  foluble  in  eight  times  its  quantity  of  boiling  water,  and  feparable  for  the 
rnoft  part  by  cooling.  With  rhe  mineral  alkali  it  forms  a fait,  which  requires  only 
five  parts  of  boiling  water  for  its  folution.  Both  thefe  falts  are  perfectly  neutral. 
When  faturated  with  volatile  alkali  it  forms  a fait,  which,  after  being  gently  dried, 
has  a fourifh  tafte.-  It  does  not  perceptibly  adt  on  the  metals ; but,  forms- with 
their  calces,  in  folution,  falts  of  very  difficult  folubility,  which  are  therefore  pre- 
cipitated*. 

The  principles  of ‘milk  appear  to  be  united  together  partly  in  a chemical,  and 
partly  in  a mechanical  manner;  and  the  butter  feems  to  rife  to  the  top,  in  conle- 
quence  of  the  greater  fpecific  gravity  of  the  whey  through  which  it  isdifperfed. 
Cream  confifts  of  butter  mixed  with  much  whey  and  curd.  It  is  generally  thought 
that  the  feparation  of  the  butter  by  chtiming,  is  effedted  fimply  by  the  agitation, 
which  caufes  the  fatty  particles  to  ftrikc  againft  each  other,  and  coagulate  into 
larger  mafles.  There  leems,  however,  fome  reafon  to  think  that  a chemical 
effedt  takes  place  in  this  operation  ; in  which,  the  intimate  mixture  of  atmofpheric 
air  with  the  fluid  may  perhaps  have  fome  effedl. 

Butter  appears  to  be  of  the  nature  , of  fat  oils  ; but  is  confidered  by  moft  na- 
tions as  infinitely  preferable  to  them,  as  an  article  of  food.  By  diftillation  on  a 

* On  milk  and  its  acid,  and  on  the  acid  of  .the  , fugar,  of  milk, . .confultthe  Chemical  Eflays  of; 
Stheelf. 
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water-bath  it  gives' out  the  aqueous  fluid,  which,  from  the  manner  of  its  fabrication, 
is  diftributed  through  its  mats.  Its  products  by  deftrudtive  diftillation  nearly  refem- 
ble  thofe  of  other  oils.  They  confift  of  an  acid  of  a ftrong  and  penetrating  fmell, 
a fluid  oil,  and  a concrete  oil  of  the  fame  fmell  as  the  acid.  Thefe  oils,  like 
others  obtained  in  hmilar  circumftances,  may,  by  repeated  rectifications,  be  con- 
verted into  volatile  oils,  of  the  nature  of  thofe  which  are  called  effenrial.  In  other 
refpecls,  butter  pofleffes  the  fame  properties,  and  may  be  applied  to  the  fame 
ufes  as  fat  oils.  It  becomes  rancid  by  fpontaneous  decompofition,  which  develops 
its  acid  ; and  with  fixed  alkalis  itforms  foap. 

The  eggs  of  birds  confiderably  refemble  milk  in  their  component  parts, 
though  their  peculiar  ftrudture  and  organization  conftitute  a great  and  effential 
difference,  applicable  to  the  purpofes  of  generation,  into  which  our  prefent  views 
do  not  require  us  to  proceed.  The  white  of  egg  does  not  greatly  differ  from  the 
curd  of  milk  or  cheefe.  When  it  is  mixed  with  water,  it  forms  a coagulum  or 
curd  by  the  addition  of  acids.  Heat  coagulates  the  white  of  egg,  without 
depriving  it  of  weight ; which  is  a very  Angular  fadt,  and  has  not  yet  been  well 
explained.  The  white  of  egg,  however,  appears  to  differ,  in  fome  refpedts,  from 
curd.  It  is  faid  to  afford  a fmall  portion  of  fulphur  by  fublimation;  and  it  con- 
tains the  mineral  alkali  in  a difengaged  (late. 

The  yolk  of  egg  appears  to  be  an  animal  emulfion,  which  is  diffufible  in 
water.  It  contains  an  oil,  which  may  be  feparated  by  drying,  and  afterwards 
fubjedting  it  to  preffure.  See  Acid  of  Milk,  Butter,  and  Cheese. 

MILLIPEDES.  The  millipedes,  afelli,  porcelli,  onifei,  See.  prefented  cer- 
tain peculiar  circumftances  in  their  analyfis,  made  bv  M.  Thouvenel.  By  diftil- 
lation on  the  water-bath,  without  addition,  they  afford  an  infipid  and  alkaline 
phlegm,  fometimes  effervefeing  with  acid,  and  converting  the  fyrup  of  violets  to 
a green  : in  this  operation  they  loft  five-eighths  of  their  weight.  By  treatment 
with  water  and  fpirit  of  wine,  they  afterwards  afforded  two  drachms  of  foluble 
matter  in  the  ounce  ; of  which  more  than  two  thirds  were  extractive  matter,  and 
the  refidue  an  oily  or  extractive  fubftance.  Thefe  two  matters  were  eafily  feparated 
by  ether,  which  diffolves  the  latter  without  touching  the  extract;  they  differ  from 
thofe  of  cantharides,  and  ants,  in  affording  more  concrete  volatile  alkali,  and  no 
acid  in  their  diftillation.  M.  Thouvenel  obferves,  on  this  fubjedt,  that  among 
infedts  the  millipedes  appear  to  have  the  fame  relation  to  cantharides  and  ants, 
which  reptiles  have  with  refpedt  to  quadrupeds. 

The  neutral  falls  contained  in  thefe  infedts  are  very  fmall  in  quantity,  and  very 
difficult  to  be  extracted.  M.  Thouvenel  affirms,  that  the  millipedes,  earth- 
worms, and  lumbrici,  conftantly  afforded  him  marine  fait,  with  earthy  bafes,  and 
bafe  of  vegetable  alkali;  while  in  ants  and  cantharides,  thefe  two  bafes,  the  firft 
of  which  always  appeared  to  him  the  moft  abundant,  are  united  with  an  acid, 
which  has  the  character  of  the  phofphoric  "acid.  It  is  neceffary  to  be  obferved 
here,  that  this  chemift,  in  his  Differtation,  has  not  deferibed  either  the  methods 
of  extracting  thefe  falts,  or  the  proceffes  he  made  ufe  of  to  afeertain  their  nature. 

MINERALOGY  and  MINERALS.  Every  fubftance  which  does  not 
poffefs  organization,  or  is  not  the  immediate  produdt  of  fome  organifed  body, 
belongs  to  the  mineral  kingdom.  Among  the  numerous  variety  of  materials 
which  demand  the  attention  and  exercife  the  ingenuity  of  the  chemift  and  the 
manufacturer,  fome  are  compounded  of  fuch  principles,  and  formed  under  fuch 
jcircumftances  and  fituations  in  the  earth,  that  it  is  difficult  to  diftinguilh  them 
without  recurring  to  the  teft  of  experiment.  Others  are  formed  with  confiderable 
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regularity  as  to  the  proportion  of  their  principles,  their  colour,  fra&ure,  fpecific 
gravity,  and  cryftallized  figure.  Every  pradtical  mineralogift  is  naturally  difpofed 
to  avail  himfelf  of  the  external  figure  and  obvious  chara&ers  of  bodies,  to  diftin- 
guilh  them  from  each  other,  and  we  daily  fee  inftances  of  great  fkill  in  this 
method  of  difcrimi nation.  It  happens  unfortunately  however  for  the  acquifition 
of  this  branch  of  knowledge,  that  the  differences  depend  upon  circurnftances, 
which,  for  the  moft  part,  are  fcarcely  communicable  by  mere  defcription,  with- 
out the  exhibition  of  fpecimens.  Hence  it  has  in  many  instances  happened,  that 
chemifts  have  obtained  poffeffion  of  quantities  of  minerals,  the  names  of  which  they 
could  not  with  any  degree  of  certainty  afcertain,  until  they  had  made  fome  expe- 
riments to  determine  their  component  parts.  Much  induftry  has  been  employed 
with  fuccefs  in  Amplifying  the  experiments  with  re- agents,  and  with  the  blow- 
pipe, for  this  purpofe.  Thus  it  has  arifen  that  mineralogy  has  been  affiduoufiy 
cultivated  by  two  different  defcriptions  of  men.  The  one  have  noted  the  figures, 
meafured  the  angles,  defcribed  the  colours,  tranfparency,  opacity,  texture  as 
afcertained  by  fradture,  hardnefs,  and  the  like  evident  properties;  the  other 
have  paffed  llightly  over  thefe  indications,  and  have  attended  chiefly  to  fuch 
component  parts,  as  chemical  analyfis  exhibits.  The  belt  fyftem  for  the  claflifi- 
cation  of  minerals  mult  be  that  in  which  the  external  charadlers,  as  well  as  the 
component  parts,  are  noticed ; for  there  is  no  reafon  why  we  fhould  negledt  any  of 
the  means  of  obtaining  an  accurate  knowledge  of  bodies.  The  component  parts 
or  principles  of  minerals  afford  the  great  outlines  for  clafling  them  under  general 
fpecies  and  varieties  j and  their  external  appearances,  when  not  fufficiently  deci- 
five  to  the  obferver,  will  always  be  ufeful  to  point  out  the  experiments  he  muft 
make  to  afcertain  their  place.  The  modern  fyftems  of  Bergman,  Kirwan,  and 
Chaptal,  are  grounded  on  confiderations  of  this  nature*.  See  Analysis  and 
Blow-pipe. 

MINERALIZER.  Metallic  fubftances  are  faid  to  be  mineralized  when  de- 
prived of  their  ufual  properties  by  combination  with  fome  other  fubftance.  The 
commoneft  mineralizers  are  fulphur,  arfenic,  and  fixed  air.  Vital  air  is  as  com- 
mon as  any,  but  is  not  ufually  reckoned  among  mineralizers,  on  account  of  the 
phlogiftic  theory,  which,  in  a great  meafure,  overlooks  the  agency  of  this  fub- 
ftance in  calcination.  Arfenic  is  ltkewife  excluded  from  mineralizers,  by  fome 
writers,  who  affirm  that  it  is  always  united  to  metals  in  its  metallic  ftate.  But  as 
there  are  good  reafons  to  conclude  that  it  exifts  in  fuch  combinations  in  the  form 
of  calx  or  acid,  the  argument  cannot  be  admitted  as  conclulive.  The  vitriolic 
and  marine  acids  are  lefs  common  mineralizers.  The  phofphoric  acid  exifts  in 
the  green  lead  ore,  and  lefs  evidently  in  fome  of  the  ores  of  iron.  Fixed  air 
exifts  in  the  calciform  ores. 

MINES.  See  Metallurgy. 

MINIUM.  Red  lead,  or  minium,  may  be  made  diredtly  from  lead,  and  alfo 
from  litharge,  which  can  be  had  cheaper  from  various  procefles  where  lead  is 
employed.  But  this  laft  red  lead  is  not  fo  good  as  the  former,  on  account  of  the 

* For  general  fyftems  of  mineralogy  the  Engliih  reader  may  recur  to  the  following  works  : Cron- 
ftedt’s  Eflay  towards  a Syftem  of  Mineralogy,  edited  by  Magellan,  in  two  vols.  oftavo.  Kirwan’s 
Elements  of  Mineralogy.  Outlines  of  Mineralogy,  by  Bergman  ; Mongez,  has  re-publilhed  this  work 
in  French,  with  very  large  additions  ; but,,  unfortunately  for  fcience, . it:  is  not  tranflated^  and  of  courfe 
not  eafily  obtained  in  this  country.  The  Mineralogical  Syftem  of  Daubenton  is  inferted  entire  in  Four- 
eroy’s  Elements  of  Natural  Hiftory  and  Chemiftry.  And  a concife  fyftem,  of  later  date  than  thefe, 
may  be  found  in  the  fecond  volume  of  Chaptal’s  Chemiftry, 
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fcoria  of  other  fubfiances  mixed  with  the  litharge.  The  makers  of  flint  glafs, 
who  ufe  much  red  lead  in  the  compofition  of  that  glafs,  find  that  it  does  not  flux 
fo  well  as  that  made  from  the  diredt  calcination  of  the  metal,  as  pra&ifed  in  the 
county  of  Derby,  where  no  lefs  than  nine  mills,  or  furnaces,  are  kept  on  this  opera- 
tion. Thefe  furnaces  are  very  like  a baker’s  oven,  with  a low  vaulted  roof,  and  two 
party  walls,  rifing  from  their  floor,  which  leave  a middle  fpace,  where  the  pit  coal 
is  burne’d:  the  flame  being  drawn  over  the  party  walls,  ftrikes  on  the  roof,  and  is 
from  thence  reflected  on  each  fide,  by  which  the  lead  there  kept  is  melted.  The 
fui face  of  lead,  by  its  expofition  to  air,  becomes  inftantly  covered  with  a dulky 
pellicle ; this  is  fucceflively  removed,  and  the  greateft  part  of  the  metal  is  con- 
verted into  a yellowi Hi  green  powder  : this  is  afterwards  ground  fine  in  a mill,  and 
wafhed  ; the  heterogeneous  particles  of  lead,  ftill  in  being,  are  feparated  bypafling 
the  wafti  through  fieves ; the  yellow  colour  becomes  uniform,  and  is  called  mafli- 
cot  by  the  painters.  Thefe  yellow  calces  being  well  dried,  are  thrown  again  into 
the  furnace,  where  they  are  conftantly  fiirred  in  a continued  heat ; fo  that  in  about 
48  hours,  thefe  calces  acquire  a vivid  red,  inclining  to  orange  colour,  and  are 
known  by  the  name  of  minium,  or  red  lead.  M.  de  Machy  was  certainly  mifta- 
ken,  when  he  aflerted  that  the  calcination  alone,  without  the  contaft  of  the  flame 
and  fmoke,  was  capable  of  producing  a good  colour.  But  the  red  lead  made  in 
France  is  of  a confiderably  worfe  quality  than  what  is  made  in  England  or  Holland. 
A ton, or  twenty  hundred  weight,  of  lead  generally  gives  twenty- two  hundred  weight 
of  minium.  It  is  faid,  that  at  Nuremberg  the  increafed  weight  of  red  lead  amounts 
to  one- fifth  of  the  metal ; this  may  probably  depend  on  the  method  employed,  as 
Watfon  thinks.  Neumann  fays,  that  the  bell  Venetian  minium  is  made  out  of 
cerufle,  or  white  lead.  Magellan. 

M1RAB1LE  SAL.  Glauber’s  fait,  or  the  combination  of  vitriolic  acid  with  the 
mineral  alkali,  has  been  pretty  generally  known  by  the  name  of  fal  mi  labile  Glau- 
beri,  who  obtained  it  from  the  refidue,  after  diftilling  marine  acid  from  a mixture 
of  common  fait  and  the  acid  of  vitriol. 

MIRACLE  CHEMICAL.  If  to  a concentrated  folution  of  Epforn  fait,  or 
the  combinations  of  magnefia  with  the  nitrous  or  marine  acid,  a like  folution  of 
fixed  alkali  be  added,  the  magnefia  is  feparated  immediately  in  fo  large  a quantity 
that  the  mixture  becomes  nearly  folid.  This  fudden  converfion  of  two  fluids  into 
a folid  has  been  called  the  chemical  miracle. 

MIRRORS.  See  Speculum;  alfo  Silvering. 

MISPICKEL.  An  ore  of  iron  confiding  of  that  metal  mineralized  by  arfenic. 
.It  is  called  fpeifs  by  the  Bohemians.  Its  colour  is  generally  of  a bright  white, 
refembling  a mixture  offilver  and  tin,  fometimes,  though  feldom,  variegated  like 
a pigeon’s  neck,  and  is  not  eafily  altered  by  expofure  to  the  air.  Its  form  is  either 
granular,  cufpidated,  cuneiform,  prifmatic,  or  rhomboidal.  It  is  magnetic  nei- 
ther before  nor  after  calcination,  is  foluble  in  acids,  affords  arfenic  by  diftillation 
in  the  proportion  of  30  or  40  per  cent,  and  fometimes  contains  a fmall  propor- 
tion of  copper  and  fiver.  It  is  frequently  mixed  with  other  metallic  ores,  and  often 
found  in  indurated  clay,  quartz,  lpar,  flaoerl,  &c. 

When  iron  contains  lefs  than  one  fixteenth  of  arfenic,  it  is  magnetic  ; therefore, 
if  the  calcination  be  pufhed  fo  far,  the  iron  will  remain  magnetic.  It  may  be 
analyfed  by  folution  in  the  marine  acid,  which  will  take  up  the  iron,  and  leave  the 
arfenic;  or  by  folution  in  aqua  regia,  which  will  take  up  both;  but  water  being 
added,  will  precipitate  the  arfenic  and  leave  the  iron.  The  filver  will  remain  in 
4 the 
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die  form  of  horn  filver,  and  the  copper  may  be  feparated  by  the  methods  men- 
tioned under  that  article. 

MIXTURE.  This  term  was  formerly  ufedto  denote  what  chemifts  now  mean 
by  combination.  At  prefent  it  is  applied  to  didinguifh  that  aggregation  which 
takes  place  when  powders  or  liquids,  not  difpofed  to  combine  from  defeat  of 
temperature,  or  any  other  caufe,  are  added  together.  Thus  fand  and  an  alkali 
may  be  mixed  together,  without  any  perceptible  combination  or  change  of  their 
refpedtive  properties;  but  if  the  temperature  be  raifed  to  that  ofdrong  fufion,  they 
combine,  and  form  glafs,  the  piinciples  of  which  are  no  longer  in  a date  of  mere 
mixture. 

MOCHA  or  MOCHO  STONE.  The  achate,  when  it  contains  arboriza- 
tion, or  fmall  figures  of  trees  or  mofs,  is  called  the  mocho  done. 

MOCK  LEAD.  An  ore  of  zinc.  See  Blende. 

MOLYBDENA,  like  manganefe  and  wolfram,  has  not  been  reduced  into 
mafles  of  any  confiderable  magnitude;  but  has  been  obtained  only  in  fmall  fepa- 
rate  globules,  in  a blackifh  brilliant  mafs.  It  has  been  revived  by  a procefs  fimilar  to 
that  by  which  regulus  of  manganefe  (fee  Manganese)  is  obtained  ; but  it  requires 
a mod  extreme  degree  of  heat  for  that  purpofe.  The  globules  are  grey,  brittle, 
and  extremely  infufible.  By  heat  it  is  converted  into  a white  calx,  which  rifes  in 
brilliant  needle-formed  flowers,  like  thofe  of  antimony.  Nitrous  acid  readily  cal- 
cines and  acidifies  the  regulus.  Nitre  detonates  with  it,  and  the  remaining  alkali 
combines  with  its  calx. 

Detonation  with  nitre  decompofes  the  native  molybdena;  but  folution  in  nitrous 
acid  is  the  readied  way  to  procure  the  acid  of  this  fubftance.  Pruffian  alkali,  and 
alfo  infufion  of  galls,  precipitate  the  acid  from  its  folutions.  When  acid  of  ar- 
fenic  is  heated  with  molybdena,  it  converts  part  of  the  fulphur  into  volatile  vitriolic 
acid;  which  comes  over,  and  combines  with  another  portion,  with  which  it  rifes 
in  the  form  of  orpiment.  No  other  acids  but  the  nitrous  and  arfenical  have 
any  action  on  crude  molybdena.  The  regulus  of  molybdena  unites  with  feveral 
of  the  metals,  and  forms  brittle  or  friable  compounds. 

This  mineral  is  fcarce.  It  is  diftinguifhable  from  black  lead  by  its  more  fliin- 
ing  fcaly  appearance,  and  marks  paper  with  a more  brilliant  flroke ; and,  as  it 
refembles  no  other  fubdance,  it  does  not  require  to  beaflayed. 

MOON  STONE.  The  moon  done  is  of  a clear  white  colour,  approaching 
to  that  of  milk.  When  looked  at  in  a certain  pofition,  it  reflefts  a drong  light, 
like  the  mother  of  pearl;  and  fome  fpecimens  exhibit  fpots  of  a carnation 
colour.  It  is  found  in  obtufe-angular  pieces,  which  fometimes  have  a quadran- 
gular figure.  Its  frafture  is  evidently  foliated.  It  is  very  hard,  and  in  other  re- 
fpeds  agrees  with  common  feltfpar.  Probably  it  is  the  androdamas  of  Pliny  ; the 
common  girafole  of  the  Italians;  and  the  water  opal  of  Ceylon.  It  is  fometimes 
clafied  with  the  opal,  and  by  others  with  the  cat’s-eye. 

This  done  is  of  the  chalcedony  or  pfeudo-opal  kind  ; it  refle&s  a whitifh  light, 
with  fome  various  fhades  of  a few  intermixed  colours  on  a blueifii  bottom,  like  the 
(hining  face  .of  the  moon,  when  it  is  high  enough  not  to  become  reddifh  by  the 
interference  of  the  earthy  vapours. 

The  rainbow-done,  or  iris,  feems  to  be  nothing  elfe  than  a moon-done,  in 
which  the  yellow,  purple,  and  blue  reflected  rays  are  the  mod  confpicuous. 
Magellan. 

MOOR-STONE.  See  Granite. 

3T 


MORTAR. 


M O R 


( 5o6  ) 


M O U 


MORTAR.  See  Lime.  Alfo  a well-known  inftrument  for  pulverizing,. 

MOSAIC  GOLD.  See  Aurum  Musivum.  Alfo  Tin. 

MOSS.  See  Archil. 

MOTHER  WATER,  or  MOTHER  LEY.  When  fea-water,  or  any- 
other  fplution  containing  various  falts,  is  evaporated,  and  the  cryftals  taken  out ; 
there  always  remains  a fluid  containing  deliquefcent  falts,  and  the  impurities  if 
prefent.  This  is  called  the  mother- water,  and  requires  to  be  varioufly  treated 
according  to  the  nature  of  its  contents.  Inflammable  matters  are  deftroyed  by 
evaporation  to  drynefs  and  ignition  in  an  open  veflfel.  The  faline  matters  may 
be  afterwards  taken  up  by  the  addition  of  pure  water.  In  other  instances  the 
mother- water  is  largely  diluted,  and  fuch  additions  made  as  may  either  precipitate 
part  of  its  contents,  or  form  fuch  new  combinations  as  the  operator  is  defirous  of 
procuring.  See  Magnesia  ; alfo  Analysis. 

MOULD.  See  Arable  Land,  Earth  Vegetable,  and  Marle. 

MOUNTAIN.  When  we  contemplate  the  furface  of  the  globe  in  populous 
diftrids,  our  attention  is  chiefly  direded  to  the  agency  of  man,  and  thofe  energies 
of  focial  life,  which  produce,  modify,  and  change  the  profpedt  around  us.  But 
when  we  enter  the  wild  and  romantic  fcene  of  a mountainous  country,  we  are 
every  where  ftruck  with  the  veftiges  of  operations  carried  on  by  the  powers  of  na- 
ture, through  a long  feries  of  ages,  and  upon  a fcale  prodigioufly  greater  than  any 
to  which  the  works  of  man  can  be  extended.  We  meditate  on  the  furrounding 
fcene  with  an  emotion  refembling  that  produced  by  the  view  of  a pile  of  ruins  long 
fince  gone  to  decay.  We  endeavour  to  inveftigate  what  may  have  been  the 
original  ftate  of  t,he  pile,  and,  for  want  of  information,  our  conclufions  are  for  the 
moft  part  little  better  founded  than  thofe  of  an  amufing  reverie.  If  the  life  of 
man  had  permitted  the  philofopher  to  follow,  during  the  revolution  of  centuries, 
that  variety  of  changes  produced  on  the  furface  of  the  earth  by  the  numerous 
agents  which  alter  it,  we  (hould  at  this  time  have  been  in  pofleffion  of  the  moft 
valuable  information  refpeding  thefe  great  phenomena : but  confined  as  we  are 
to  a fmall  fpot  of  the  univerfe,  we  fix  our  attention  for  the  tranfient  moment  of 
our  exiftence  upon  operations  of  prodigious  duration,  far  remote  from  their  com- 
mencement, or  termination.  It  is  no  wonder  dien  that,  in  many  inftances,  we 
find  it  difficult  to  comprehend,  and  in  many  more  to  imitate,  thefe  vaft  procefles. 

In  whatever  manner  the  original  formation  of  this  globe  may  have  been  accom- 
pliflied  ; by  what  procefles  of  fire,  or  water,  it  may  have  been  chiefly  modified  ; 
to  what  fecondary  circumftances  its  particular  place  in  the  folar  fyflem,  and  its 
great  movements,  may  be  owing ; — thefe  fubjeds  have  employed  the  pens  of 
religious  writers,  as  well  as  of  the  bold  conftrudors  of  imaginary  fyftems.  It  is 
but  too  eafy  to  accommodate  faffs  imperfedly  known  to  a favourite  hypothefis : 
but  it  becomes  the  philofopher  rather  toanalyfe  than  to  combine  too  haflily  ; and 
though  knowledge  may  be  confidered  as  the  claffification  offads,  it  is  certain  that 
too  much  hafte  in  this  claffifying  is  produdive  of  error.  The  inveftigator  of 
natural  appearances  ought  not  to  be  impatient  under  a ftate  of  doubt  and  obfcu- 
rity.  The  firft  ftep  to  folid  knowledge  is  to  conftder  what  now  exifts,  and  thence 
to  deduce  what  may  have  heretofore  exifted. 

It  appears,  from  a great  variety  of  obfervations,  that  the  internal  part  of  the 
globe  confifts  of  the  ftone  called  granite.  It  is  this  which  fhews  itfelf  as  the  limit 
of  all  the  excavations  made  on  the  furface  of  our  planer,  either  by  natural  cauies 
cr  the  art  of  man.  The  degradations  and  fubfequent  changes  which  this  rock 
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undergoes  by  the  action  of  water,  and  which  therefore  it  muft  have  undergone  in 
times  pad,  are  fo  well  delineated  by  Chaptal,  that  1 fhall  extra#  his  obfervations 
in  this  place. 

This  fluid,  colleded  in  the  cavity  of  the  ocean,  is  carried  by  the  winds  to  the 
tops  of  the  mod  elevated  mountains,  where  it  is  precipitated  in  rain,  and  forms 
torrents,  which  return  with  various  degrees  of  rapidity  into  the  common  refervoir. 

Such  an  uninterrupted  motion  and  fall  mud  gradually  attenuate,  and  wear  away 
the  hardefl  rocks,  and  carry  their  pulverulent  parts  to  didances  more  or  lefs  con- 
liderable.  The  adion  of  the  air,  and  the  varrying  temperatures  of  the  atmofphere, 
facilitate  the  attenuation  and  the  dedrudion  of  thefe  rocks.  Heat  dries  their  fur- 
face,  and  renders  it  more  acceflible,  and  more  penetrable  to  the  water  which 
fucceeds ; cold  divides  them,  by  freezing  the  water  which  has  entered  into  their 
textures  the  air  itfelf  affords  the  carbonic  acid,  which  attacks  the  lime-done,  and 
caufes  it  to  efHorefce  ; the  vital  air  unites  to  the  iron,  and  calcines  it : infomuch 
that  this  concurrence  of  caufes  favours  the  difunion  of  principles;  and  confe- 
quently  the  adion  of  water,  which  clears  the  furface,  carries  away  the  produds 
of  decompofition,  and  makes  preparation  for  a fucceeding  procefs  of  the  fame 
nature. 

The  firfl  effed  of  the  rain  is  therefore  to  deprefs  the  mountains.  But  the 
dones  which  compofe  them  mud  refid  in  proportion  to  their  hardnefs;  and  we 
ought  not  to  be  furprifed  when  we  obferve  peaks  which  have  braved  the  dedruc- 
tive  adion  of  time,  and  dill  remain  to  atted  the  primitive  level  of  the  mountains 
which  have  difappeared.  The  primitive  rocks,  alike  inacceflible  to  the  injury-  of 
ages  as  to  the  animated  beings  which  cover  lefs  elevated  mountains  with  their 
remains,  may  be  confidered  as  the  fource  or  origin  of  rivers  or  dreams.  The 
water  which  falls  on  their  fummits,  flows  down  in  torrents  by  their  lateral  furfaces. 
In  its  courfe  it  wears  away  the  foil  upon  which  it  inceffantly  ads.  It  hollows  out 
a bed  of  a depth  proportioned  to  the  rapidity  of  its  courfe,  the  quantity  of  its 
waters,  and  the  hardnefs  of  the  rock  over  which  it  flows ; at  the  fame  time  that 
it  carries  along  with  it  portions  and  fragments  of  fuch  dones  as  it  loofens  in  its 
courfe. 

Thefe  dones,  rolled  along  by  the  water,  mud  drike  together,  and  break  off 
their  projeding  angles;  a procefs  that  mud  quickly  have  afforded  thofe  rounded 
flints  which  form  the  pebbles  of  rivers.  Thefe  pebbles  are  found  to  diminifh  in 
fize,  in  proportion  to  the  didance  from  the  mountain  which  affords.them  : and  it 
is  to  this  caufe  that  M.  Dorthes  has  referred  the  difproportionate  magnitude  of  the 
pebbles  which  form  our  ancient  worn  dones,  when  compared  with  thofe  of  modern 
date:  for  the  fea  extending  itfelf  formerly  much  more  inland,  in  the  diredion  of 
the  Rhone,  the  dones  which  it  received  from  the  rivers,  and  threw  back  again 
upon  thefihores,  had  not  run  through  fo  long  a fpace  in  their  beds  as  thofe  which 
they  at  prefent  pafs  over.  Thus  it  is  that  the  remains  of  the  Alps,  carried  along 
by  the  Rhone,  have  fucceflively  covered  the  vad  interval  comprifed  between  the 
mountains  of  Dauphiny  and  Vivarais ; and  are  carried  into  our  feas3  which  depofit 
them  in  fmall  pebbles  on  the  Ihore. 

The  pulverulent  remains  of  mountains,  or  the  powder  which  relults  from  the 
rounding  of  thefe  flints,  are  carried  along  with  greater  facility  than  the  flints  them- 
felves:  they  float  fora  long  time  in  the  water,  whofe  tranfparence  they  impair  : and 
when  thefe  faid  waters  are  lefs  agitated,  and  their  courfe  becomes  flackened,  they 
aredepofited  in  a fine  and  light  pade,  forming  beds  more  or  lefs  thick,  and  of  the 
fame  nature  as  that  of  the  rocks  to  which  they  owe  their  origin.  Thefe  flrata 
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gradually  become  drier  by  the  agglutination  of  their  principles ; they  become 
confident,  acquire  hardnefs,  and  form  filiceous  clays,  filex,  petrofilex,  and  all 
the  numerous  clafs  of  pebbles  which  are  found  difperfed  in  drata,  or  in  banks  in 
the  antient  beds  of  rivers. 

Mr.  Pallas  has  obferved  the  tranfition  of  clay  to  the  date  of  filex  in  the  brook 
of  Sunghir,  near  Wolodimir.  Mr.  G.  W.  Baumer  has  likewife  obferved  it  in 
Upper  Heffe. 

The  mud  is  much  more  frequently  depofited  in  the  interdices  left  between  the 
rounded  flints  themfelves,  which  intervals  it  fills,  and  there  forms  a true  cement 
that  becomes  hard,  and  conditutes  the  compound  dones  known  by  the  name  of 
pudding- dones  and  grit-dones:  for  thefe  two  kinds  of  dones  do  not  appear  to  me 
to  differ  but  in  the  coarfenefs  of  the  grain  which  forms  them,  and  the  cement 
which  connects  them  together. 

We  fometimes  obferve  the  granite  fpontaneoufly  decompofed.  The  texture  of 
the  dones  which  form  it  has  been  dedroyed  ; the  principles,  or  component  parts, 
are  difunited  and  feparated,  and  they  are  gradually  carried  away  by  the  waters. 
Chaptal  obferved  nearMende,  towards  Cadelnouvel,  the  mod  beautiful  kaolin  on 
the  fur  face  of  a granite,  in  a date  of  decompofition  ; and  this  fame  rock  is  decom- 
pofed  in  feveral  other  places.  It  appeared  to  him  that  the  feld  fpar  was  parti- 
cularly fubjedl  to  be  altered  the  fird. 

Mod  filiceous  dones,  formed  by  the  depofition  of  fluviatile  waters,  and  harden- 
ed by  the  lapfe  of  time,  are  eafily  fubjedted  to  a fecond  decompofition.  Iron  is 
the  principal  agent  of  thefe  fecondary  alterations ; and  its  calcination,  determined 
by  air  .or  water,  produces  a difunion  of  principles.  Nature  may  be  obferved  i« 
this  procefs,  by  an  attentive  examination  of  fuch  alterations  as  gun  dints,  variolites,. 
porphyries,  jafpers,  and  the  like,  are  fubjedled  to. 

The  decompofition  of  dints,  chalcedonies,  agates,  and  generally  all  dones  of 
this  kind  which  pofiefs  a certain  degree  of  tranfparence,  appears  to  Chaptal  to  be 
referable  to  the  volatilisation  of  the  water,  which  forms  one  of  their  principles, 
and  is  the  caufe  of  their  tranfparency. 

Thefe  dones  may  be  confidered  as  commencements  ofcrydallization ; and  when 
the  water  is  didipated,  they  effervefce  after  the  manner  of  certain  neutral  falts. 
Hence  it  arifes  that  the  decompofition  is  announced  by  opacity,  a white  colour, 
lofs  of  confidence  and  hardnefs ; and  terminates  by  forming  a very  attenuated 
powder,  fometimes  of  extreme  whitenefs.  It  is  this  decompofition,  more  parti- 
cularly, which  forms  clays. 

There  are  dints  whofe  alterations  form  effervefcent  marks.  Thefe  do  not  appear 
to  Chaptal  to  be  of  the  nature  of  primitive  rocks : they  have  the  fame  origin  as  the 
calcareous  dones,  from  which  they  differ  only  in  confequence  of  a very  confider- 
able  proportion  of  clay.  The  dones  which  we  fo  abundantly  dnd  of  this  nature 
around  us,  among  calcareous  decompofitions,  may  be  confidered  as  of  this  kind. 

Water  filtrating  through  mountains. of  primitive  rock,  frequently  carries  along 
with  it  very  minutely  divided  particles  of  quartz  ; and  proceeds  to  form,  by  depofi- 
tion, daladites,  agates,  rock  crydal,  &c. 

Thefe  quartzofe  dala&ites,  differently  coloured,  are  of  a formation  confider- 
ably  analogous  to  that  of  calcareous  alabaders;  and  we  perceive  no  other  difference 
between  them  than  that  of  their  condituent  parts. 

Thus  far  we  have. exhibited,  in  a few  words,- the  principal  changes,  and  various 
modifications,  to  which  the  primitive  rocks  have  been  fubje&ed.  We  have  not 
ebferved  either  germination  or  life  : and  the  metals,  fulphur,  and  bitumens,  have 
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sot  hitherto  preferred  themfelves  to  our  obfervation.  Their  formation  appears' 
to  be  pofterior  to  the  exiftence  of  this  primitive  globe  ; and  the  alterations  and' 
decompofitions-  which  now  remain  to  be  enquired  into,  appear  to  be  produced  by 
the  clafs  of  living  or  organized  beings. 

On  the  one  hand,  we  behold  the  numerous  clafs  of  (hell  animals,  which  caufe 
the  ftony  mafs  of  our  globe  to  increafe  by  their  remains.  The  fpoils  of  thefe' 
creatures,  long  agitated  and  driven  about  by  the  waves,  and  more  or  lets  altered1 
by  collifion,  form  thofe  ftrata  and  banks  of  lime-ftone,  in  which  we  very  often 
perceive  impreffions  of  thofe  fliells .to  which  they  owe  their  origin. 

On  the  other  hand,  we  obferve  a numerous  quantity  of  vegetables  that  grow  and 
perifh  in  the  fea  ; and  thefe  plants  likewife,  depofited  and  heaped  together  by 
the  currents,  form  ftrata,  which  are  decompofed,  lofe  their  organization,  and  lea/e 
all  the  principles  of  the  vegetable  confounded  with  the  earthy  principle.  It  is  to 
this  fource  that  the  origin  of  pit-coal,  and  fecondary  fchiftus,  is  ufually  attributed  ; 
and  this  theory  is  eftablifhed  on  the  exiftence  of  the  texture  of  decompofed  vege- 
tables very  ufiialiy  feen  in  fchifti  and  coal,  and  likewife  on  the  prefence- of-  (hells 
and  fifh  in  mod  of  thefe  produftsi 

It  appears  to  Chaptal,  that  the  formation  of  pyrites  ought  to  be  attributed  to 
the  decompofition  of  vegetables  : it  exifts  in  greater  or  lefs  abundance  in  all  fchifti 
and  coal.  He  found  a wooden  (hovel  buried  in  the  depofitions  of  the  river 
De  Ceze,  converted  into  jet  and  pyrites.  The  decompofition  of  animal  fub- 
ftances  may  be  added  to  this  caufe:  and  it  appears  to  be  a confirmation  of’ 
thefe  ideas,  that  we  find  many  (hells  paffed  to  the  ftate  of  pyrites. 

Nor  only  the  marine  vegetables  form  confiderable  ftrata  by  their  decompofition  ; 
but  the  remains  of  thofe  which  grow  on  the  furface  of  the  globe  ought  to  be 
confidered  among  the  caufes  or  agents  which  concur  in  producing  changes  upon ' 
that  furface. 

We  (hall  feparately  confider  how  much  is  owing  to  each  of  thefe  caufes ; and  ' 
Ihall  follow  the  effects  of  each,,  as  if  that  caufe  alone  were  employed  in  modifying 
and  altering  our  planet. 

1.  The  calcareous  mountains  are  conftantly  placed'upon  the  furface  of  the 
primitive  mountains;  and  though  a few  folitary  obfervations  prefent  a contrary 
order,  we  ought  to  confider  this  inverfion  and  derangement  as  produced  by  (hocks  - 
which  have  changed  the  primitive  difpofition.  It  mu  ft  be  obferved  alfo,  that  the- 
diforder  is  fometimes  merely  apparent ; and  that  fome  naturalifts  of  little  informa- 
tion have  defcribed  calcareous  mountains  as  inclining  beneath  the  granite,  becaufe 
this  laft  pierces,  as  it  were,  through  the  envelope,  rifes  to  a greater  height,  and 
leaves  at  its  feet,  almoft  beneath  it,  the  calcareous  remains  depofited  at  its  bafe. 

Sometimes  even  the  lime-ftone  fills  to  a very  great  depth  the  crevices  or  clefts 
formed  in  the  granite.  In  Gevaudan,  towards  Florae,  there  is  a profound 
cavity  in  the  granite  filled  with  calcareous  ftone.  This  vein  is  known  to  poffefs- 
a depth  of  more  than  one  hundred  and  fifty  toifes,  with -a  diameter  of  about  two 
or  three. 

It  likewife  happens  frequently  enough,  that  fuch  waters  as  are  loaded  with  the 
remains  of  the'primitive  granite  heap  them  together,  and  form  fecondary  granites, 
which  may  exift  above  the  calcareous  ftone. 

Thefe  calcareous  mountains  are  decompofed  by  the  combined  aftion  of  air  and  - 
water  ; and  this  fluid*  which  does  not  poffefs  the  property  of  holding  it  in  folution,  - 
foon  depofits  it  in  the  form  of  gu-rhs,  alabafters,  ftaladlites,  &c.  Spars  owe  their- 
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formation  to  no  other  caufe.  Their  cryftallization  is  posterior  to  the  origin  of 
calcareous  mountains. 

Waters  wear  down  and  carry  away  calcareous  mountains  with  greater  eafe 
than  the  primitive  mountains  : their  remains  being  very  light,  are  rolled  along, 
and  more  or  lefs  worn.  The  fragments  of  thefe  rocks  are  fometimes  connected 
by  a gluten  or  cement  of  the  fame  nature ; from  which  procefs  calcareous  grit 
and  breccias  arife.  Thefe  calcareous  remains  formerly  depofited  themfelves  upon 
the  quartzofe  fand ; and  the  union  of  primitive  matter  and  fecondary  products 
gives  rife  to  a rock  of  a mixed  nature,  which  is  common  in  our  province. 

2.  The  mountains  of  fecondary  fchiftus  frequently  exhibit  to  us  a pure  mix- 
ture of  earthy  principles,  without  the  final  left  veftige  of  bitumen.  Thefe  rocks 
afford,  by  analyfis,  filex,  clay,  magnefia,  lime  irl  the  ftate  of  carbonate,  or  mild,  and 
iron  ; principles  which  are  more  or  lefs  united,  and  confequently  acceffible 
in  various  degrees  to  the  adtion  of  fuch  agents  as  deftroy  the  rocks  hitherto 
treated  of. 

Thefe  fame  principles,  when  difunited,  and  carried  away  by  waters,  give  rife 
to  a great  part  of  the  (tones  comprifed  in  the  magnefian  genus.  The  fame 
elements  worn  down  by  the  waters,  and  depofited  under  circumftances  proper  to 
facilitate  cryftallization,  form  the  fehorls,  tourmaline,  garnets,  &c. 

Chaptal  does  not  pretend  by  this  to  exclude  and  abfolutely  rejedt  the  fyftem  of 
fuch  naturalifts  as  attribute  the  formation  of  magnefian  ftones  to  the  decompofition 
of  the  primitive  rocks.  But  he  thinks  that  this  formation  cannot  be  objedled  to  for 
feveral  of  them,  more  efpecially  fuch  as  contain  magnefia  in  the  greateft  abun- 
dance. 

It  frequently  happens  that  the  fecondary  fchifti  are  interfperfed  with  pyrites ; 
and,  in  this  cafe,  the  fimple  contadt  of  air  and  water  facilitates  their  decompofi- 
tion. Sulphuric  acid  is  thus  formed,  which  combines  with  the  various  conftituent 
principles  of  the  ftone  ; whence  refult  the  fulphates  or  vitriols  of  iron,  of  magnefia, 
of  clay,  and  of  lime,  which  efflorefce  at  the  furface,  and  remain  confounded  toge- 
ther. Schifti  of  this  nature  are  wrought  in  moft  places  where  alum  works  have 
been  eftablifhed  ; and  the  moft  laborious  part  of  this  undertaking  confifts  in 
feparating  the  fulphates  of  iron,  of  lime,  and  of  magnefia  from  each  other,  which 
are  mixed  together.  Sometimes  the  magnefia  is  fo  abundant  that  its  fulphate 
predominates : Chaptal  obferved  mountains  of  fchiftus  of  this  nature.  The  fulphate 
of  lime  being  very  fparingly  foluble  in  water,  is  carried  away  by  that  liquid,  and 
depofited  to  form  gypfum  ; while  the  other  more  foluble  falts  remaining  fufpended, 
form  vitriolic  mineral  waters. 

The  pyritous  fchifti  are  frequently  impregnated  with  bitumen,  and  the  propor- 
tions conftitute  the  various  qualities  of  pit- coal. 

It  appears  to  Chaptal,  that  we  may  lay  it  down  as  an  inconteftable  principle, 
that  the  pyrites  is  abundant  in  proportion  as  the  bituminous  principle  is  more 
fcarce.  Hence  it  arifes,  that  coals  of  a bad  quality  are  the  moft  fulphureous,  and 
deftroy  metallic  veflels  by  converting  them  into  pyrites.  The  focus  of  volcanos 
appears  to  be  formed  by  a fchiftus  of  this  nature  ; and  in  the  analyfes  of  the  ftony 
matters  which  are  ejected,  we  find  the  fame  principles  as  thofe  which  conftitute 
■this  fchiftus.  We  ought  not  therefore  to  be  much  furprifed  at  finding  fehorls 
among  volcanic  products  ; and  ftill  lefs  at  obferving  that  fubrerranean  fires  throw 
fulphuric  falts,  fulphur,  and  other  analogous  products  out  of  the  entrails  of  the 
oarrh. 
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3.  The  remains  of  terreftrial  vegetables  exhibit  a mixture  of  primitive  earths 
more  or  lefs  coloured  by  iron  : we  may  therefore  confider  thefe  as  a matrix  in 
which  the  feeds  of  all  ftony  combinations  are  difperfed.  The  earthy  principles 
affort  themfelves  according  to  the  laws  of  their  affinities ; and  form  cryftals  of 
fpar,  of  plafter,  and  even  the  rock  cryftals,  according  to  all  appearance : for 
we  find  ochreous  earths  in  which  thefe  cryftals  are  abundantly  difperfed  ; we 
fee  them  formed  almoft  under  our  eyes.  Wc  may  frequently  obferve  indurated 
ochres  full  of  thefe  cryftals  terminating  in  two  pyramids. 

The  ochreous  earths  appear  to  deferve  the  greateft  attention  of  naturalifts. 
They  conftitute  one  of  the  moft  fertile  means  of  aftion  which  nature  employs  : 
and  it  is  even  in  earths  nearly  fimilar  to  thefe  that  fhe  elaborates  the  diamond,  in 
the  kingdoms  of  Golconda  and  Vifapour.  If  it  were  allowable,  fays  our  author, 
to  indulge  in  a fiftion  purely  poetical,  we  might  affirm  that  the  element  of  fire,  fo 
far  from  being  loft  by  the  difperfon  of  the  combuftible  principles  of  vegetables, 
becomes  purified  to  form  this  precious  ftone  fo  eminently  combuftible ; that  nature 
has  been  defirous  of  proving  that  the  terms  deftruftion  and  death  are  relative  only 
to  the  imperfe&ion  of  our  fenfes;  and  that  (lie  is  never  more  fruitful  than  when 
we  fuppofe  her  to  be  at  the  moment  of  extindlion. 

The  fpoils  of  animals,  which  live  on  the  furface  of  the  globe,  are  entitled  to 
iome  confideration  among  the  number  of  caufes  which  we  affign  to  explain  the 
various  changes  our  planet  is  fubjecled  to.  We  find  bones  in  a ftate  of  confider- 
able  prefervation  in  certain  places ; we  can  even  frequently  enough  diftinguifh 
the  fpecies  of  the  animals  to  which  they  hare  belonged.  From  indications  of  this 
fort  it  is  that  fome  writers  have  endeavoured  to  explain  the  difappearance  of  cer- 
tain fpecies;  and  to  draw  conclufions  from  thence,  either  that  our  planet  is  per- 
ceptibly cooled,  or  that  a fenfible  change  has  taken  place  in  the  pofition  of  the 
axis  of  the  earth.  The  phofphoric  falts  and  phofphorus,  which  have  been  found, 
in  our  time,  in  combination  with  lead,  iron,  & c.  prove  that,  in  proportion  as 
the  principles  are  difengaged  by  animal  decompofition,  they- combine  with  other 
bodies,  and  form  the  nitrous  acid,  the  alkalis,  and  in  general  all  the  numerous 
kinds  of  nitrous  falts. 

MOUNTAIN  BLUE.  An  ore  of  copper  of  a blue  colour,  moft  frequently 
of  a loofe  pulverulent  form,  but  fometimes  indurated  and  even  cryftallized,  but 
then  it  is  mixed  with  quartz.  One  hundred  parts  of  it,  according  to  Kirwan,  con- 
tain about  fixty-nine  of  copper,  twenty-nine  o£  fixed  air,  and  two  of  water. 
Morveati,  in  the  Memoirs  of  Dijon  for  1782,  quoted  by  this  author,  (hews  that 
the  calces  of  copper  are  determined  rather  to  a blue  than  a green  colour,  by  a 
greater  proportion  of  phlogifton,  viz.  the  metal  is  nearer  the  metallic  ftate. 

Thefe  ores  are  analyfed  in  the  moift  way  by  folution  in  acids,  and  precipitation 
by  the  mineral  aerated  alkali,  if  they  be  pure,  or  by  the  Pruffian  alkali,  if  they 
contain  earths.  One  hundred  and  ninety- four  grains  of  the  precipitate  formed  by 
the  mineral  alkali,  are  equivalent  to  100  of  copper  in  its  metallic  ftate  : fo  alfo 
are  350  grains  of  the  precipitate  formed  by  the  Pruffian  alkali,  as  Mr.  Bergman 
has  determined  : copper  alfo  may  be  precipitated  in  its  metallic  ftate  by  means  of 
iron,  though  it  is  not  eafy  to  get  it  pure,  if  the  nitrous  acid  be  the  folvent. 

In  the  dry  way,  after  torrefaftion,  they  may  be  efiayed  by  melting  them  with 
one-half  or  three-fourths  of  their  weight  of  borax,  and  one- fourth  of  their  weighs 
of  pitch.  Some  lofs  always  attends  the  black  flux. 

MOUNTAIN  GREEN  is  generally  found  in  a loofe  and  friable  ftate, 
rarely  cryftallized  and  indurated,  often  mixed  with  calcareous  earth  and  iron,  and 
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fome  arfenic.  One  hundred  parts  of  the  pureft  contain  72  of  copper,  22  of 
aerial  acid,  and  6 of  water.  See  alfo  Malachite. 

MUCILAGE.  A general  term  ufed  to  denote  a fubftance,  foluble  in  water, 
whether  hot  or  cold,  with  which  it  forms  a tranfparent  adhefive  or  gluey  rnafs. 
When  obtained  from  vegetables,  it  is  diftirlguifhed  by  the  name  of  Gum  ; when 
from  animal  fubftances,  it  is  called  Glue,  or  Jelly.  Confult  the  the  articles. 

When  animal  mucilage  has  been  extradled  without  long  boiling,  it  then  pof- 
feffes  moft  of  the  characters  of  gum.  It  is  thought  that  the  difference  between 
gum  and  glue.confifts  in  the  mixture  of  ferum  in  the  latter.  It  is  probable  how- 
ever, that  , the  principles  which  render  glue  more  difpofed  to  the  putrid  fermenta- 
tion inftead  of  the  acidity  acquired  by  gums,  are  not  merely  mixed,  but  inti- 
mately combined. 

MUFFLE.  A fmall  earthen  oven  made  and  fold  by  the  crucible  manufacturers, 
ft  is  to  be  fixed  in  a furnace,  and  is  ufeful  far  cupellation,  and  other  proceffes 
•which  demand  accefs  of  air. 

MUM1A.  This  was  found  in  the  fea  on  the  coafts  of  Finland,  in  the  year 
1736  ; it  is  perfectly  white,  and  of  the  confidence  of  tallow,  but  more  brittle, 
though  as  greafy.  Its  fpecific  gravity  is  0,770,  whereas  that  of  tallow  is  0,969.; 
it  burns  with  a blue  flame,  and  a fmell  of  greafe,  leaving  a black  vifcid  matter, 
which  is  more  difficultly  confirmed  : it  is  foluble  in  fpirit  of  wine  only  when  tar- 
tarifed,  and  even  then  leaves  an  infoluble  refiduum,  but  expreffed  oils  diffolve  it 
when  boiling.  It  is  alfo  found  in  fome  rocky  parts  of  Perfi£,  but  feems  mixed 
with  petrol,  and  is  there  called  Schebennaad,  Tfienpen,  Kodreti  *.  Mr.  Her- 
man, a phyfi.cian  of  Strafburgh,  mentions  a fpring  in  the  neighbourhood  of 
that  city,  which  contains  a Jubilance  of  this  fort  diffufed  through  it,  which 
feparates  on  ebullition,  and  may  then  he  collected.  Kirwan. 

MURIATIC  ACID.  See  Acid  Marine. 

MUSCOVY  GLASS  confifts  of  broad,  elaftic,  flexible,  tranfparent  leaves, 
and  differs  externally  from  mica,  only  in  being  fofter,  and  more  foapy  to  the 
touch.  It  is  capable  of  being  fplit  into  laminae  of  the  two  or  three  hundredth 
part  of  an  inch  thick,  and  the  plates  naturally  .exhibit  a llrong  eleCtric  (late,  and 
{parks,  when  torn  afunderin  the  dark,  even  though  previous  friction  be  carefully 
avoided.  Few  fpecimens  are  as  tranfparent  as  glafs. 

MUSK.  See  Civet. 

MUST.  The  juice  of  the  grape  previous  to  the  commencement  of  fermenta- 
tion. The  word  is  likewife  occafionally  ufed  to  denote  other  faccharine  juices 
in  the  fame  Hate. 

MYRRH.  A gum  refin,  brought  from  the  Eaft  Indies,  and  likewife  from 
Alexandria,  Smyrna,1 'and  Aleppo.  It  is  hard,  dry,  glofly,  of  various  colours, 
yellowifli,  reddilh,  brown,  yellowith-brown,  redd ilh- brown,  blackifh,  intermixed 
with  whitifh  fpecks  or  tears,  tranfparent  like  agate,  or  opake  like  pitch,  of  a 
peculiar  ftrong  fmell,  and  a bitter  fomewhat  biting  tafte.  The  bell  is  that 
which  is  of  a reddilh-brown  colour,  not  verging  too  much  to  yellowifli  or 
blackifh  ; uniform  on  the  outfide,  internally  fpecked  or  {freaked  with  white, 
■clear  and  bright,  fomewhat  unCtuous  to  the  touch,  but  not  tenacious  fo  as  to 
flick  to  the  fingers. 

This  gummy  refin  is  liable  to  great  abufes  ; the  larger  maffes  in  particular 
are  frequently  no  other  than  fome  artificial  compofition,  Ikilfully  incruftated  on 

* Mem.  Sued.  87.  2 Lin.  von  Gmel.  389,  Gerh.  Beytr.  21 1. 

the  - 


M Y R 


C 5*3  ) 


NAP 


the  outfide  with  a folution  of  myrrh.  Some  report  that  bdellium  is  nearly  allied 
to  myrrh,  and  not  eafily  to  be  diftinguitlied  from  it ; the  differences  however 
are  fufficiently  obvious,  bdellium  being  darker  coloured  and  lefs  tranfparent  than 
good  myrrh,  internally  foft  and  tenacious  (which  myrrh  never  is),  yielding  a quite 
different  fmell,  and  u anting  its  bitternefs. 

From  fixteen  ounces  of  myrrh  Neumann  obtained,  by  means  of  water,  twelve 
and  a half  of  gummy  extract ; and  from  the  refiduum  by  redified  fpirit,  one  and 
a half  of  refin.  On  treating  the  fame  quantity  firft  with  fpirit,  and  afterwards 
with  water,  he  obtained  five  ounces  of  refinous  and  eight  ounces  fix  drams  of 
gummy  extrad.  The  indiffoluble  matter  amounted  in  both  operations  to  two 
ounces,  or  one  eighth  of  the  myrrh. 

In  diftillation  with  water,  an  effential  oil  arifes,  to  the  quantity  of  three  drams 
from  a pound.  This  oil  fmells  and  taftes  extremely  ftrong  of  the  myrrh,  and 
contains  all  that  part  in  which  the  peculiar  qualities  of  the  juice  refide  : it  differs 
remarkably  from  that  of  the  other  gummy  rejins,  in  not  being  hot  or  pungent,  in 
being  fo  ponderous  as  to  fink  in  water,  and  in  not  being  in  the  lead  elevated  by 
fpirit  of  wine  ; highly  redified  fpirit,  diftilled  from  myrrh,  receiving  no  fenfible 
impregnation  either  in  fmell  or  tafte. 

It  is  further  obfervable,  that  whether  myrrh  be  digefted  in  water  or  in  fpirit,  the 
whole  of  its  fmell  and  tafte  is  taken  up  by  the  menftruum  applied  firft  : the  extrads 
made  by  water  after  fpirit  has  performed  its  office,  as  well  as  that  by  fpirit  after  water, 
are  inodorous  and  infipid.  Both  the  tindure  and  the  extrad  made  by  pure  fpirit 
at  firft,  contain  all  the  adive  parts  of'  the  myrrh.  The  watery  infufion  or  decoc- 
tion, if  made  in  fuch  a manner  as  to  prevent  evaporation,  does  the  fame;  but  on 
exhaling  it  to  the  confidence  of  an  extrad,  all  the  flavour  of  the  myrrh  is  loft, 
and  nothing  but  its  bitternefs  remains : no  one  can  diftinguifh  in  the  watery 
extrad  any  thing  of  the  fpecific  charaders  of  the  myrrh.  From  thefe  experi- 
ments we  learn  in  what  manner  this  juice  is  to  be  treated  to  the  beft  advantage, 
and  in  what  preparations  its  virtues  are  preferved  or  loft. 

On  inclofing  fome  powdered  myrrh  in  the  white  of  a hard  boiled  egg,  and 
fetting  it  in  a moift  cellar,  the  liquor  into  which  the  egg  is  by  degrees  relblved, 
extrads  nearly  all  the  fmell  and  tafte  of  the  myrrh.  This  liquor,  commonly  called 
Oleum  myrrh®  per  deliquium,  is  precipitated  or  coagulated  by  fpirit  of  w.ine; 
and  the  unduous  coagulum,  feparated  from  the  fpirit,  diffolves  again  in  pure 
water.  This  procefs  has  been  applied  likewife  to  maftich  and  other  pure  refins ; 
but  from  thofe  the  white  of  eggs  extrads  nothing. 
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NAPPITHA.  A fine  thin  fragrant  colourlefsoil,  which  iffues  out  of  white/yel- 
low, or  black  clays  in  Perlia  and  Media,  is  known  by  this  name.  It  burns 
with  a bluifh  yellow  flame,  and  is  as  inflammable  as  tether,  and,  like  it,  extrads 
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gold  from  aqua  regia.  It  is  not  d'ecom  pofed  by  difhillation  ; and  yet,  if  Iongex- 
pofed  to  the  air,  it  changes  colour,  thickens,  and  degenerates  into  petrol.  Its 
fmell  is  very  different  from  that  of  vegetable  oils;  it  diffolves  refins- and  balfams; 
but  not  gum  refills,  nor  elaftic  gum.  It  diffolves  the  effential  oils  of  thyme  and 
lavender;  but  is  infoluble  in  fpirit  of  wine  and  aether.  Its  foecific  gravity  is  o 708. 

NARD  INDIAN,  or  SPIKE-NARD,  confifts  of  a number  of  flender  brittle 
filaments,  fuppofed  by  fome  to  be  the  root,  by  others,,  the  pedicle  of  the  leaves  of 
a plant  of  the  grafs  or  ru(h  kind ; but  which  are  properly  the  head  of  a root, 
for  Pomet  mentions  and  figures  a fpecimen,  which  had  great  part  of  the  root 
adhering. 

Spikenard  has  a very  ftrong,  not  agreeable  fmell  and  tafte,  fcarce  to  be  con- 
cealed or  overpowered  by  a large  admixture  of  other  fqbftances.  In  the  Theriaca 
Cceleftis,  a compofition  of  many  drugs  of  flrong  frnells  and  tafles,  fpikerrard 
enters  but  in  fmall  quantity,  and  yet  it  prevails  over  all  the  others.  It  contains,, 
however,  only  a fmall  proportion  of  effential  oil : on  diftilling  an  ounce,  there 
was  only  an  appearance  of  fome  oily  particles  on  the  furface  of  the  water.  Recti- 
fied fpirit  brings  over  nothing:  the  fpirituous  extract  poffeffes  both  the  fmell  and 
tafte  of  the  fpikenard,  in  a much  greater  degree  than  the  watery.  An  ounce 
yielded  a dram  of  fpirituous,  and  afterwards  forty-fix  grains  of  watery  extract ; 
water  applied  at  firft  extracted  from  the  fame  quantity  four  fcruples,  and  fpirit 
afterwards  twenty-five  grains : the  indiffoluble  refiduum  weighed  in  both  cafes 
fix  drams  ten  grains. 

NATRON,  or  NATRUM.  A native  alkaline  fait,  of  the  nature  of  the 
mineral,  or  marine  alkali,  which  is  found  cryftallized  in  Egypt,  and  other  hot 
countries,  in  fands  which  furround  lakes  of  fait  water.  There  is  no  doubt  but 
the  common  fait  is  decompofed,  and  lofes  its  acid ; but  whether  by  the  addon  of 
the  air,  of  the  mere  heat  of  the  fun,  or,  which  is  more  probable,  the  effed  of  its 
light,  has  not  been  determined.  In  the  new  nomenclature  of  our  College  of 
Phyficians,  the  mineral  alkali  is  called  natron. 

NAUTILITES.  A calcareous  done,  or  petrifaction  of  the  nautilus.  Some 
writers,  who  have  called  thefe  ferpent-ftones,  and  fuppofed  them  to  have  been 
produced  by  a petrifaction  of  that  creature,  have  expreffed  their  furprife  that 
the  head  is  always  wanting. 

NEPHRITIC  STONE.  See  Jade. 

NEPHRITIC  WOOD.  This  wood  gives  a blue  colour  to  fpirit  of  wine,  or 
to  water.  This  colour  is  changed  to  a yellow  by  acids,  and  afterwards  reflored 
to  a blue  by  alkalis.  Dr.  Lewis  obferves,  that  it  is  the  only  woody  matter  which 
gives  a blue  tincture ; and  that  this  is  the  only  vegetable  blue  which  is  thus  de- 
itrudible  by  acids. 

NEUTRAL  SALTS.  This  term  is  applied  to  all  falts  which  contain  an 
acid  laturared  with  an  alkali,  an  earth,  or  a metal.  Bergmann  confined  it  to  falts 
containing  alkali ; and  he  called  the  earthy  and  metallic  falts,  middle  falts.  It 
is  moft  ulual  to  call  the  alkaline  falts  with  an  acid  neutral,  and  to  diftinguifh  the 
others  by  the  refpedive  appellations,  earthy  and  metallic. 

NICKEL  is  a reddifh  white  metallic  fubftance,  of  great  hardnefs,  and  of  an 
uniform  texture;  very  difficult  to  be  purified,  and  always  magnetical,  whence  it 
has  been  fuppofed  to  contain  iron  in  its  pureft  ftate.  It  is  malleable,  and  is 
fcarcely  more  fufible  than  pure  iron.  Its  calces  are  of  a green  colour. 

This  metallic  fubftance  has  not  been  applied  to  any  ule ; and  the  chief  atten- 
tion of  thofe  chemifts  who  have  examined  it,  has  been  directed  to  obtain  it  in  a 
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ftate  of  purity;  which,  however,  has  not  yet  been  accomplilhed.  It  is  found 
either  native  or  calciform  ; but  moft  commonly  mineralized  in  combination  with 
arfenic,  fulphur,  cobalt,  and  iron  in  the  ore,  called  kupfer  nickel,  or  falfe  cop- 
per. This  is  of  a reddilh  yellow,  or  coppery  colour;  of  a texture  either  uni- 
form, granular,  or  fcaly;  bright  in  its  fradture,  and  almoft  always  covered  with  a 
green  efflorefcence  of  calx.  Mod  of  the  fulphur  and  arfenic  may  be  driven  off  by 
long  continued  roafting,  and  the  occafional  addition  of  charcoal,  which  prevents  the 
arfenic  from  being  rendered  more  fixed  by  calcination  ; and  the  green  calx  which 
remains  may  be  fiifed  by  the  ftrongefi:  heat  of  a fmith’s  forge,  together  with  two 
or  three  times  its  weight  of  black  flux.  The  reguius  thus  obtained  is  of  a 
reddifh  white  colour,  and  brittle;  but  is  very  far  from  being  pure.  Repeated 
calcinations  for  many  hours,  and  reductions,  fcarcely  deprive  the  reguius  of  iron; 
and  it  is  {till  highly  magnetic  when  purified  to  fuch  a degree  as  to  poffefs  con- 
siderable malleability.  Combination  with  fulphur,  with  liver  of  fulphur,  deto- 
nation with  nitre,  and  folution  in  the  volatile  alkali  and  vitriolic  acid,  did  not 
deprive  it  of  its  magnetifm. 

When  the  reguius*,  obtained  by  fcorification  and  redu<5tion,  was  combined 
with  fulphur,  and  reduced  again  after  the  difiipation  of  the  fulphur  by  ftrong 
heat,  and  the  addition  of  charcoal,  to  promote  the  volatility  of  the  arfenical  con- 
tents, and  this  procefs  was  three  times  repeated  ; the  reduced  metal  was  fo  infu- 
fible,  as  not  to  run  into  a mafs  by  the  ftrongefi;  heat  of  a fmith’s  forge,  con- 
tinued for  three  quarters  of  an  hour.  Its  colour  was  then  whitifh,  mixed  with 
a glittering  kind  of  red  ; it  was  ftrongly  magnetical;  of  a fpecific  gravity  of 
8,66  ; and  a globule  of  one  line  in  diameter  was  extended  by  the  hammer  into 
a plate  of  upwards  of  three  lines  in  diameter  : fo  that  it  is,  properly  fpeaking,  an 
entire  metal,  and  not  a femi-metal.  It  afforded  a blue  folution  with  the  volatile 
alkali;  and  in  nitrous  acid  its  folution  was  of  a full  green. 

Concentrated  vitriolic  acid  ads  upon  the  reguius  of  nickel,  and  corrodes  it. 
The  refidue,  after  diftil lation  of  the  acid,  is  a greyifh  powder  ; part  of  which  is 
in  the  faline  ftate,  and  affords  green  cryft’als  by  folution  in  water  and  evaporation. 

The  nitrous  folution  of  this  metal  affords  faline  cryftals.  Alkalis  precipitate  it, 
and  rediffolve  the  precipitate.  Nitre  detonates  with  nickel  in  the  dry  way. 
Sulphur  readily  combines  with  it  by  fufion,  as  does  likewife  arfenic;  and  both 
adhere  very  pertinacioufly  to  it,  as  has  been  already  fhewn. 

Nickel  has  been  thought  to  be  a modification  of  iron.  This  conclufion  is 
grounded  chiefly  on  its  magnetifm,  and  the  confideration  of  the  very  remarkable 
and  different  properties  iron  is  known  to  be  capable  of  affuming  in  its  feveral 
ftates.  Others  have  fuppofed  it  to  be  an  alloy  of  copper  with  various  metallic  ad- 
mixtures. The  blue  colour  it  affords  with  volatile  alkali,  is  the  chief  circumftance 
which  gave  rife  to  this  opinion.  But  it  has  been  very  properly  obferved  -f,  that 
many  of  the  known  metals  would  fcarcely  have  endured  more  fevere  trials  than 
this  fubftance  has.  undergone,  without  (hewing  indications,  at  leaft.as  ftrong, 
againft  the  fuppofition  of  their  being  diftinft  bodies,  as  any  afforded  by  nickel  ; 
and  confequently,  that  fo  long  as  no  one  is  able  to  produce  this  metal  from,  pure 
iron  or  copper,  and  to  explain  in  an  intelligible  way  the  procefs  by  which  it  can 
be  generated,  we  muft  continue  to  regard  it  as  a peculiar  fubftance,  pofleffmg 
diftineft  properties.  The  general  opinions  of  the  chemifts  concur  in  admitting 
the  force  of  this  reafoning. 

* Bergman  on  Nickel,  in  vol.  ii.  of  his  Eflays.  f Bergman,  ii.  264. 
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NIHIL  ALBUM,  a name  given  to  the  white  calx  of  zinc,  driven  up  during 
die  combudion  of  that  femi- metal,  or  the  treatment  of  ores  which  contain  it. 

NITRE.  Nitre  with  an  alkaline  bafis  is  found  ready  formed  in  the  Ead 
Indies,  in  Spain,  in  the  kingdom  of  Naples,  and  elfewhere,  in  confiderable 
quantities,  but  more  abundantly  in  combination  with  a calcareous  bafis.  For 
the  greater  part  of  the  nitre  made  ufe  of  is  produced  by  a combination  of  cir- 
cumffcances  which  tend  to  compofe  and  condenfe  the  acid  of  nitre.  Nitrous  acid 
appears  to  be  produced  in  all  fituations  where  animal  matters  are  completely  de- 
compofed,  with  accefs  of  air,  and  of  proper  fubllances  with  which  it  can  readily 
combine.  Grounds  frequently  trodden  by  cattle  and  impregnated  with  , their 
excrements,  or  the  walls  of  inhabited  places  where  putrid  animal  vapours  abound, 
fuch  as  flaughter-houfes,  drains,  or  the  like,  afford  nitre  by  long  expofure  to  the 
air.  Artificial  nitre  beds  are  made  by  an  attention  to  the  circumflances  in  which 
this  fait  is  produced  by  nature.  Dry  ditches  are  dug,  and  covered  with  Pneds, 
open  at  the  fides,  to  keep  off  the  rain  : thefe  are  filled  with  animal  fubllances — 
fuch  as  dung,  or  other  excrements,  'with  the  remains  of  vegetables,  and  old 
mortar,  or  other  loofe  calcareous  earth  ; this  fubflance  being  found  to  be  the  bell 
and  mod  convenient  receptacle  for  the  acid  to  combine  with.  Occafional  watering', 
and  turning  up  from  time  to  time,  are  neceffary  to  accelerate  the  procefs,  and 
increafe  the  furfaces  to  which  the  air  may  apply.  After  a fucceflion  of  many 
months,  more  or  lefs,  according  to  the  management  of  the  operation,  in  which 
the  adlion  of  a regular  current  of  frefh  air  is  of  the  greatefl  importance,  nitre  is 
found  in  the  mafs.  If  the  beds  contained  much  vegetable  matter,  a confiderable 
portion  of  the  nitrous  fait  will  be  common  faltpetre  ; but,  if  otherwife,  the  acid 
will,  for  the  mod  part,  be  combined  with  the  calcareous  earth. 

To  extraft  the  faltpetre  from  the  mafs  of  earthy  matter,  a number  of  large 
calks  are  prepared,  with  a cock  at  the  bottom  of  each,  and  a quantity  of  draw 
within,  to  prevent  its  being  Hopped  up.  In  thefe  the  matter  is  put,  together 
with  wood-aflies,  either  drewed  at  top,  or  added  during  the  filling.  Boiling 
water  is  then  poured  on,  and  differed  to  dand  for  fome  time  ; after  which  it  is 
drawn  off,  and  other  water  added  in  the  fame  manner,  as  long  as  any  faline  mat- 
ter can  be  thus  extradited.  The  weak  brine  is  heated  and  paffed  through  other 
tubs,  until  it  becomes  of  confiderable  drength.  It  is  then  carried  to  the  boiler, 
and  contains  nitre  and  other  fads  j the  chief  of  which  is  common  culinary  fait, 
or  the  marine  acid  united  to  the  mineral  alkali,  or  fometimes  to  magnefia..  It  is 
the  property  of  nitre  to  be  much  more  foluble  in  hot  than  cold  water  ; but  com- 
mon fait  is  foluble  very  nearly  as  much  in  cold  as  in  hot  water.  Whenever, 
therefore,  the  evaporation  is  carried  by  boiling  to  a certain  point,  much  of  the 
common  fait  will  fall  to  the  bottom,  for  want  of  water  to  hold  it  in  foliation,  though 
the  nitre  will  remain  fufpended  by  virtue  of  the  heat.  The  common  fait 
thus  feparated  is  taken  out  with  a perforated  ladle,  and  a fmail. quantity  of  the 
fluid  is  cooled,  from  time  to  time,  that  its  concentration  may  be  known  by  the 
nitre  which  crydallizes  in  it.  When  the  fluid  is  fufficiently  evaporated,  it  is  taken 
out  and  cooled,  and  great  part  of  the  nitre  feparates  in  crydals ; while  the  re- 
maining common  fait  Continues  difl'olved,  becaufe  equally  foluble  in  cold  as  in 
hot  water.  Subfequent  evaporation  of  the  refidue  will  feparate  more  nitre  in  the 
fame  manner. 

This  nitre,  which  is  called  nitre  of  the  fil'd  boiling,  contains  fome  common  fait ; 
from  which  it  may  be  purified  by  folution  in  a fmail  quantity  of  water,  and  fub- 
fequent  evaporation  : for  the  crydals  thus  obtained  are  much  lefs  contaminated 
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with  common  fait  than  before  ; becaufethe  proportion  of  water  is  fo  much  larger, 
with  refpeft  to  the  fmall  quantity  contained  by  the  nitre,  that  very  little  of  it  will 
cryftallize.  For  nice  purpofes,  the'  folution  and  cryftallization  of  nitre  are  re- 
peated four  times.  The  cryftals  of  nitre  are  ufually  of  the  form  of  fix-fided 
flattened  prifms,  with  dihedral  fummits.  Its  tafte  is  penetrating ; but  the  cold 
produced  by  placing  the  fait  to  diflolve  in  the  mouth,  is  fuch  as  to  predominate 
over  the  real  tafte  at  firjft.  Seven  parts  of  water  diflolve  one  of  nitre,  at  the  tem- 
perature of  fixty  degrees  ; but  boiling  water  diflolves  its  own  weight. 

If  nitre  be  expofed  to  a ftrong  heat,  it  melts,  and  becomes  red  hot  ; and  the 
volatile  produft  is  found  to  conlift  of  fuming  nitrous  acid,  a large  quantity  of 
vital  air,  and  fome  phlogifticated  air;  the  alkali  remaining  behind,  fomewhat 
altered  by  a portion  of  the  earth  of  the  retort  which  it  has  dilfolved.  Moft  other 
nitrous  falts  give  out  vital  air  by  the  fame  treatment.  The  extreme  difficulty  of 
afcertaining  the  weights  of  aerial  produfts,  and  of  the  fixed  refidues,  renders  it  an 
embarraffing  talk  to  fhew  by  real  experiment  what  happens  in  this  operation 
among  the  principles  of  nitre.  See  Acid  Nitrous. 

When  a combuftible  body  and  nitre  are  brought  into  contaft,  either  of  them  be- 
ing previoufly  heated  red  hot,  the  body  is  burned  with  great  rapidity,  no  doubt  by 
the  vital  air  which  the  nitre  affords  by  the  heat  ; for  the  experiment  fucceeds  in 
vacuo,  and  alfo  when  the  bodies  are  furrounded  by  any  aerial  fluid  incapable  of 
maintaining  combuftion.  Thisrapidcombuftion,  effefted  by  meansof  nitre,  is  called 
deflagration,  when  it  is  performed  by  a fucceflive  burning  of  the  parts  of  the  body ; 
or  detonation,  when  the  combuftion  of  the  whole  is  performed- in  fo  fhort  a time 
as  to  appear  inftantaneous.  In  this  experiment,  it  is  remarkable  that  the  combuf- 
tion is  maintained  by  vital  air  which  is  not  in  the  elaftic  ftate,  but  fixed  in  the 
nitre.  Whence  it  fhould  follow,  that  either  the  vital  air,  or  the  combuftible  body, 
even  in  the  fixed  ftate,  has  a great  capacity  for  heat,  of  which  it  muft  contain  a 
large  quantity,  on  the  hypothefis  of  heat  being  matter.  Or,  if  heat  be  a mere 
commotion,  it  will  follow,  that  though  the  quantity  of  agitation  produced  by 
the  fudden  coalition  of  particles,  in  the  aft  of  converting  an  elaftic  fluid  into  a 
denfe  body,  be  fuch  as  to  produce  a great  effeft  in  increasing  the  temperature  ; 
yet  the  quantity  is  ftill  fo  confiderable,  when  vital  air  and  combuftible  matter 
unite  even  in  their  denfe  ftate,  as  to  caufe  the  moft  intenfe  degree  of  ignition. 
See  Gunpowder. 

NITRE  (ALKALISED).  This  is  the  fixed  alkali  which  remains  after  the 
nitrous  acid  has  been  deftroyed  by  its  detonation  with  any  inflammable  matter. 
This  alkali  is  generally  called  fixed  nitre. 

NITRE  ( AMMONIACAL).  The  neutral  fait  refulting from  the  combina- 
tion of  the  nitrous  acid,  to  the  point  of  faturation,  with  volatile  alkali,  has  been 
thus  named.  See  Ammoniacal  Nitrous  Salt. 

NITRE  (CALCAREOUS),  or  NITRE  WITH  EARTHY  BASIS. 
Calcareous  nitre  is  a neutral  fait  compounded  of  the  nitrous  acid  combined  to 
faturation  with  a calcareous  earth.  It  is  generally  called  nitre  with  an  earthy 
balls,  becaufe  the  falts  formed  by  the  nitrous  acid  with  the  other  earths  have 
been  lefs  attended  to. 

Nitrous  acid  diflolves  with  great  activity  all  calcareous  earths  and  ftones, 
calcined  or  uncalcined.  It  diflolves  a large  quantity  of  them,  and  leaves  no 
refidutim  when  they  are  pure.  By  this  combination  is  formed  a neutral  fait  very 
deliquefcent.  This  fait  is  not  fufceptible  of  a true  cryftallization.  It  has  a 
poignant,  acrid,  and  bitter  tafte.  If  it  be  evaporated  to  drynefs,  it  becomes 
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folid,  and  Teems  to  be  an  earthy  matter,  which  does  not  detonate,  or  at  lead:  very 
weakly,  with  inflammable  matters. 

The  adhefion  of  the  acid  to  its  bafis  is  To  weak,  that  if  the  fait  be  difiilled 
in  a retort,  an  aciduous  phlegm  will  fird  pafs  over  ; and  when  the  fire  is  increafed, 
all  the  acid  will  follow,  excepting  a fmall  portion  which  adheres  more  drongly, 
but  which  may  be  at  lad  expelled  by  calcination  in  an  open  fire. 

A great  quantity  of  nitre  with  earthy  bafis  is  found  ready  formed  in  nitrous 
earths  and  ftones.  Nitre  is  mod  frequently  produced  in  that  form.  This  nitre 
may  be  decompofed  by  a fixed  alkali,  which  unites  with  its  acid  and  precipitates 
the  earth,  in  the  procefs  for  making  faltpetre.  The  mother-waters  obtained 
in  thefe  operations  contain  dill  a large  quantity  of  this  nitre  with  earthy  bafis.  See 
the  word  Nitre  in  the  preceding  article- 

NITRE  (CUBIC  or  QUADRANGULAR).  When  nitrous  acid  is 
faturated  with  mineral  alkali,  a neutral  fak  is  formed,  fufceptible  of  crydalli- 
zation  and  of  detonation,  and  confequently  is  a kind  of  nitre.  This  fait  has 
all  the  eflential  properties  of  nitre  with  bafis  of  fixed  vegetable  alkali ; but  the 
marine  alkali,  which  is  its  bafis,  changes  the  form  of  its  crydals,  which  are  not 
channelled  prifms,  like  thofe  of  ordinary  nitre,  but  are  cubes,  or  fometimes  paral- 
lelopipedons,  with  rhomboidal  faces.  From  thefe  forms  the  fait  has  been  called 
quadrangular  nitre. 

VYe  may  make  quadrangular  nitre  by  combining  dire&ly  the  nitrous  acid  to 
the  point  of  faturaiion  with  the  crydals  of  foda,  or  by  precipitating  with  this  alkali 
the  folutions  of  earths  and  metals  made  by  nitrous  acid,  or  by  precipitating  with 
common  fait  the  metallic  folutions  in  nitrous  acid,  which  are  fufceptible  of  this  pre- 
cipitation ; or,  laflly,  by  decompofing  common  fait  by  pure  nitrous  acid  in  the 
operation  for  making  the  diddled  aqua  regia.  In  all  thefe  cafes  the  nitrous  acid  is 
evidently  combined  with  marine  alkali,  and  forms  cubic  nitre.  This  fait  is  not 
ufed  in  medicine,  chemidry,  or  the  arts,  as  it  is  rather  inferior  than  preferable  to 
ordinary  nitre. 

NITRE  FIXED,  or  ALKAL1SED  BY  COALS.  To  make  this  extem- 
poraneous alkali,  the  proper  quantity  of  nitre  is  to  be  put  into  a crucible,  which 
ought  to  be  fo  large  that  the  nitre  (hall  rake  up  but  a fmall  fpace  in  it.  This 
crucible  is  to  be  placed  in  a well  kindled  fire  ; and  when  the  nitre  is  melted  and 
red  hot,  a fmall  fpoonful  (about  a dr.am  or  half  a dram)  of  charcoal  grofsly  pow- 
dered is  to  be  projected  upon  it.  Indantly  a vivid  inflammation  happens,  which 
continues  till  all  the  charcoal  is  entirely  confumed.  When  this  inflammation  or 
-detonation  <..eafes,  another  quantity  of  charcoal  like  the  former  is  projected  upon 
it,  and  is  left  to  be  confumed  ; and  thus  charcoal  is  continually  to  be  projected 
■till  no  more  detonation  is  cauled  by  it. 

The  matter  contained  in  the  crucible,  which  at  fird  is  very  fluid,  becomes 
afterwards  thick  and  almod  folid,  becaufe  it  is  then  fixed  alkali,  which  is  much 
■lefs  fufible  than  nitre.  The  fire  mud  be  increafed  diffidently  to  make  this  alkali 
melt.  During  thisfufion,  fome  fmall  detonations  happen  from  time  to  time,  which 
are  occafioned  by  a portion  of  nitre,  which  the  large  quantity  of  alkali,  and  the 
want  of  fluidity  towards  the  end  of  the  operation,  had  preferved  from  the  concadt 
of  the  coals.  When  the  matter  is  in  good  fufion,  and  no  detonation  happens 
upon  projecting  fmall  bi  s of  coals,  we  may  then  know  that  the  nitre  is  alkalifed, 
and  that  the  operation  is  finifhed- 

NITRE  FIXED  BY  METALS.  All  the  metallic  fubdances  which  are 
Fufceptible  of  decompofition  being  treated  in  the  fire  with  nitre,  alkalife  it,  and 
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make  it  detonate  more  or  lefs  fenfibly.  The  moft  inflammable  of  thefe  fubftances, 
as  zinc  and  iron,  make  with  this  fait  fo  luminous  and  fo  brilliant  a detonation, 
that  they  are  advantageoufly  employed  for  that  purpofe  in  fireworks.  Other 
combuftible  matters  are  lefs  effectual,  but  their  inflammation  with  nitre  is  fuffi- 
ciently  firong  to  produce  all  the  eflential  effects  of  the  detonation  of  nitre  : fo  that 
after  this  inflammation,  the  acid  of  the  fait  is  decompofed  by  the  combuftion  of 
thefe  metals,  and  its  alkali  only  remains  mixed  with  the  earth  of  the  calcined 
metals. 

After  the  detonation  of  nitre  with  metals,  its  alkali  may  be  eafily  obtained 
alone,  and  feparated  from  the  metallic  earths,  by  lixiviating  the  remainder  with 
water.  By  filtrating  and  evaporating  this  water,  this  kind  of  fixed  nitre  may  be 
obtained  in  a dry  flare.  It  is  eflentially  the  fame  as  nitre  alkalifed  by  any  other 
inflammable  matter,  but  it  is  in  the  cauftic  ftate. 

NITRE  FIXED,  or  ALKALISED  BY  TARTAR.  This  alkali  is  made 
by  mixing  together  equal  parts  of  nitre  and  tartar,  which  ought  to  be  only  groflly 
powdered.  This  mixture  is  to  be  put  into  an  open  veflel  of  unvarnifhed  earthen 
ware,  or  of  iron.  It  is  to  be  placed  under  a chimney,  and  it  is  to  be  kindled 
with  a lighted  coal.  It  kindles  around  the  charcoal,  and  deflagrates  at  firft 
weakly  : but  as  the  matter  fit  ft  inflamed  kindles  the  reft,  the  detonation  increafes, 
a thick  fume  rifes,  and  the  whole  mixture  is  inflamed.  The  red  and  burning 
matter  melts,  boils,  and  flows  over  the  veflel,  if  this  be  not  fufficiently  large  : 
then  the  detonation  gradually  diminifhes,  and  at  laft  ceafes.  The  refiduum  con- 
flfts  of  the  alkalis  of  nitre  and  of  tartar  mixed. together. 

This  alkali,  as  well  as  the  nitre  fixed  by  coals,  are  each  of  them  very  pure  and 
good.  They  are,  however,  fubjed  to  contain  a confiderable  quantity  of  nitre 
undecompofed,  and  of  inflammable  matter  not  burnt,  particularly  when  a fmall 
quantity  only  is  prepared  at  once  ; but  the  mafs  may  be  completely  alkalifed  by  a 
proper  calcination,  and  by  treating  it  like  other  fixed  alkalis.  See  Alkali 
(Fixed  Vegetable). 

Nitre  fixed  by  tartar  is  alfo  called  white  flux,  becaufe  the  moft  frequent  ufe  of 
this  alkali  is  to  facilitate  the  fufion  of  ores  and  metallic  matters  in  eflays  and 
fimilar  operations,  for  which  purpofes  it  needs  not  be  perfedly  pure.  See  Flux 
(White)  and  Detonation  of  Nitre* 

NITRES  (METALLIC),  or  NITRES  WITH  METALLIC  BASES. 
See  the  Metals. 

N1TRO-MURIATIC  ACID.  The  compound  acid  formed  by  uniting  the 
nitrous  and  marine  acids.  It  is  commonly  known  by  the  name  of  Aqua  regia, 
which  fee. 

NITROUS  ACID.  See  Acid  Nitrous. 

NITROUS  AIR.  See  Air  Nitrous. 

NOBLE  METALS.  This  abfurd  name  has  been  beftowed  on  the  perfed: 
metals,  gold,  filver,  and  platina. 

NOMENCLATURE.  W7henever  anew  fubftance  or  thing  comes  under 
our  notice  we  give  it  a name,  and  in  this  denomination  we  feldom  fail  to  recur  to 
fomeofthe  properties  or  habitudes  of  the  thing.  If  this  were  invariably  done,  and 
the  knowledge  of  the  property  or  habitude  alluded  to  were  perfed,  it  is  evident 
that  a knowledge  of  the  derivation  of  names  would,  in  almoft  every  inftance, 
convey  a large  portion  of  knowledge.  On  the  other  hand  it  is  no  lefs  evident, 
that  names  founded  upon  miftaken  inferences  refpeding  the  properties  of  things, 
will  be  received  and  ufed  as  the  charadertftic  marks  of  thofe  properties,  and  will 
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greatly  tend  to  diftribute  and  perpetuate  error.  Hence  the  advantages  of  an  ac- 
curate nomenclature,  efpecially  in  the  fcience  of  matter  of  fad,  which  chemiftry 
may  be  peculiarly  termed.  Every  writer  has  been  more  or  lefs  fenfible  of  the 
advantages  of  accurate  denomination.  Many  have  attempted  to  improve  the 
nomenclature  of  chemiftry,  as  opportunity  offered.  Old  names  have  been  rejeded, 
and  new  ones  adopted  from  time  to  time,  and  that  to  fuch  an  extent,  that  the 
common  terms  of  philofophical  chemiftry  had  become  confiderably  remote  from 
thofe  ufed  in  pharmacy,  till  the  late  reformation  of  the  Difpenfatory  of  the 
College  of  Phyficians.  The  nomenclature  which  has  moft  extenfively  prevailed 
among  the  modern  chemical  writers  of  this  country,  is  that  of  Bergmann.  He 
denominates  the  five  fimple  earths  by  the  names  of  calcareous,  argillaceous, 
iiliceous,  ponderous,  and  magnefian  earths ; the  alkalis  are,,  fixed  vegetable, 
fixed  mineral,  and  volatile  ; for  the  acids,  he  ufes  the  old  denominations,  either 
adjedively,  as  the  nitrous  acid,  or  fubftantively,  as  the  acid  of  nitre.  The 
metallic  fubftances  are  called  by  their  own  names,  and  faid  to  be  calcined,  or  con- 
verted into  calx,  by  any  of  the  procefles  of  combuftion.  In  the  denomination  of 
compound  fubftances,  into  which  an  acid  enters,  he  converts  the  name  of  the 
acid  into  an  adjedive,  and  applies  it  to  the  earthy,  alkaline,  or  metallic  bafis ; as 
in  the  examples,  vitriolated  vegetable  alkali,  nitrated  filver,  or  muriated  ponderous 
earth.  He  defignates  the  aerial  fubftances  by  the  name  of  gas. 

The  French  chemifts  who  have  rejeded  the  phlogifton,  and  have  (hewn  the  moft 
adive  zeal  in  propagating  the  fyftematical  dodlrine,  of  which  the  abforption  and 
extrication  of  vital  air,  and  the  compofition  and  decompofition  of  water,  are 
the  leading  features,  have  been  particularly  attentive  to  the  reformation  of  che- 
mical nomenclature.  Meflis.  De  Morveau,  Lavoifier,  Rertholiet,  and  De  Four- 
croy,  publifhed  a method  of  chemical  nomenclature  at  Paris,  in  the  year  1787  ; 
and  fince  that  time,  moft  of  the  valuable  treatifes  publifhed  in.  France^,  or  tranf- 
lated  into  the  French  language,  have  followed  that  enunciation.  It  appear^ 
therefore  to  be  neceffary,  that  every  chemift  who  propofes  to  make  confiderable 
advances  in  the  fcience,  muft  acquire  a knowledge  of  this  chemical  language, 
whether  he  may  be  difpofed  to  admit  the  principles  on  which  it  is  founded,  or  the 
contrary.  * 

In  the  plan  thefe  chemifts  propofed,  fimple  bodies,  viz.  fuch  as  had  not  hitherto 
been  decompofed,  were  entitled  in  the  firft  place  to  their  attention,  becaufe  the 
denomination  of  fubftances  reduced  to  their  elements  by  accurate  analyfis  would 
be  naturally  determined  by  uniting  the  figns  of  thofe  elements. 

Thefe  undecompofed  fubftances  ac.e  divided  by  them  into  five  claffes. 

The  firft  clafs  comprehends  thofe  principles  which,  though  they  do  not  exhibit 
any  remarkable  analogy  to  each  other,  have  neverthelefs  this  common  property, 
that  they  appear  to  approach  in  an  eminent  degree  to  that  ftate  of  fimplicity, 
which  enables  them  to  refift  the  methods  of  chemical  analyfis,  at  the  fame  time 
that  it  renders  them  highly  aftive  in  combinations. 

In  the  fecond  clafs  they  place  all  thofe  fubftances  which  are  capable  of  being 
converted  into  acids.  The  phlogiffian  philofophers  maintain  that  this  converfion 
is  produced  by  the  expulfion  of  phlogifton,  at  the  fame  time  that  the  fafts  com- 
pel them  to  admit  the  contemporaneous  abforption  of  vital  air.  The  antiphlo- 
giftian  philofophers  admit  only  the  fimple  fadt  of  the  abforption  and  combination 
of  vital  air,  or  its  bafis,  with  the  acidifiable  fubftance,  which  they  confider  as  un~ 
decompofable  or  fimple.  Hence  they  call  it  the  acidifiable  bafis,  or  radical  prin- 
ciple of  the  acid.  See  the  refpe&ive  Ajcids. 
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The  third. clafs  comprehends  all  thofe  fubftances  which  can  be  exhibited  under 
the  metallic  form.  The  regulus,  or  metal  itfelf,  is  the  Ample  fubftance.  See 
Metals. 

The  fourth  clafs  comprehends  the  earths,  and 

The  fifth  the  alkalis. 

At  the  end  of  thefe  five  claffes,  they  point  out,  in  an  appendix,  certain  fub- 
ftances of  a more  compounded  nature,  which  combine  in  the  manner  of  more 
Ample  bodies,  without  undergoing  any  obfervable  decompofition.  It  appeared 
neceflary  that  thefe  bodies  fhould  enter  into  the  table  of  methodical  nomencla- 
ture, to  complete  the  fyftem. 

The  fubftances  of  the  firfl:  clafs  are  five  in  number,  viz.  light,  the  matter  of 
heat,  the  air  formerly  called  dephlogifticated  air,  and  afterwards  vital  air,  inflam- 
mable air,  and  phlogifticated  air.  The  latter  is  placed  in  their  table  in  the  clafs 
of  acidifiable  bafes,  becaufe  it  is  in  faifl  the  bafis  of  the  nitrous  acid.  Chaptal 
calls  it  nitrogene,  for  this  reafon  ; but  Morveau,  in  his  Memoir,  which  I chiefly 
follow  in  the  prefent  account,  thinks  it  requifite  from  feverai  of  its  properties  to 
treat  of  it  in  this  firfl  clafs. 

Light  and  heat  in  certain  circumflances  appear  to  produce  the  fame  effefts ; but 
our  knowledge  not  being  fufficiently  advanced  to  affirm  either  their  identity  or 
their  difference,  thefe  nomenclato.rs  chofe  to  preferve  the  diftin&ive  appellation 
to  each  ; excepting  that,  as  they  admit  of  a material  principle  which  is  the  caufe 
of  the  fenfation  denoted  by  the  word  heat,  they  thought  fit  to  give  it  the  name 
caloric.  Whenever  therefore  the  word  caloric  is  ufed,  it  denotes  the  fame  thing 
as  the  words  matter  of  heat  imply  in  the  writings  of  modern  philofophers. 

The  terms  vital  air  were  rejeded,  becaufe  the  property  of  maintaining  light, 
and  the  exiftence  of  the  aeriform  Hate,  do  not  accurately  defignate  the  fubftance 
which  enters  into  combination  after  giving  out  heat  and  light.  For  fince  heat 
and  light  are  confidered  by  thefe  philofophers  to  be  material  fubftances,  the  vital 
air  will  according,  to  them  confift  of  light,  heat,  and  another  fubftance  which 
they  call  oxygene,  a word  which  denotes  the  generator  of  acid. 

For  fimilar  reafons,  they  have  rejefted  the  terms  inflammable  air,  and  called, 
the  fubftance  formerly  fo  denominated  by  the  name  of  hydrogene,  when  difen- 
gaged  from  light  and  heat.  This  denomination  is  grounded  on  its  property  of 
compofing  water  when  united  with  oxygene. 

The  denomination  of  phlogifticated  air  has  been  received  by  chemifts  in  ge- 
neral with  diflike,  on  account  of  its  exprefling  tooftrongly  a theory  at  lead  doubt- 
ful. Many  have  rejedled  it.  From  the  experiments  of  Mr.  Cavendifh  it  appears 
well  eftablifhed  that  this  fubftance  enters  into  the  compofition  of  nitrous  acid,  by 
combining  with  vital  air ; and  from  the  experiments  of  Bcrthollet  and  others  it  is 
fhewn,  that  with  inflammable  air  it  forms  volatile  alkali.  See  Acid  Nitrous, 
Air  Alkaline,  and  the  articles  thence  referred  to.  M.  De  Fourcroy  propofed 
to  call  it  alkaligene  •,  but  the  nomenclators,  confidering  the  analyfis  not  to  be  fuf- 
ficiently advanced  to  afcertain  with  precifion  the  manner  in  which  this  fubftance 
enters  into  the  compofition  of  acids  and,  alkalis,  preferred  the  term  azote,  derived 
from  its  property  of  extinguifhing  animal  life. 

The  fecond  clafs,  containing  fubftances  whofe  principal  charafter  is  that  of 
paflingto  the  ftate  of  acidity,  is  much  more  extended.  But  as  it  is  likewife  more 
uniform  in  its  diftinftive  attributes,  M.  De  Morveau  thought  it  unneceflary  to 
mention  more  than  a few  of  thofe  fubftances  in  his  Memoirs. 

In  this  clafs  it  may  be  obferved  that  fome  of  the  acidifiable  bafes  are  known. . 
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but  that  the  greater  number  of  acids  are  fuch  whofe  conftituent  parts  have  not  yet 
been  feparated.  The  known  acidifiable  bafes  are  azote,  or  the  bafe  of  nitrous 
acid  ; carbone,  or  that  principle  which  conftitutes  the  greater  part  of  vegetable 
coal,  and  is  admitted  by  tbefe  cbemifts,  from  the  experiments  of  M.  Lavoifier, 
to  form  the  bafis  of  carbonic  acid,  or  fixed  air  ; fulphur,  or  the  balls  of  vitriolic 
acid;  and  phofphorus,  or  the  bafis  of  phofphoric  acid.  The  combinations  of  thefe 
bafes  are  the  mold  numerous,  the  moft  familiar,  and  the  molt  eafy  to  be  purfued  ; 
for  which  reafons  the  French  cbemifts  eftablilhed  their  nomenclature  by  attend- 
ing to  them.  With  regard  to  the  others,  fuch  as  the  bafes  of  the  marine  acid, 
the  acid  of  borax,  the  acid  of  vinegar,  and  the  like,  they  were  contented  merely 
to  denote  the  fimple  fubftance  which  modifies  the  oxygene  by  the  expreftion 
acidifiable  bafis , or,  more  concifely,  the  radical  of  the  acid.  It  is  probable,  as 
M.  Morveau  obferves,  that  many  of  thefe  acids  may  have  compounded  bafes ; cr 
that  their  bafes  may  no  otherwife  differ  from  each  other  than  in  the  proportion  of  the 
fame  principles.  When  analyfis  fhall  have  difcovered  thefe  firft  elements,  and 
the  order  of  their  application  to  each  other,  it  will  no  doubt  be  proper  to  arrange 
them  according  to  the  nomenclature  of  the  other  known  fubftances. 

M.  Morveau  accordingly  proceeds  to  explain  the  nomenclature  of  the  products 
or  combinations  which  have  fulphur  for  their  origin. 

Since  fulphur,  by  combining  with  oxygene,  produces  an  acid,  it  is  evident  that 
the  name  ought  to  be  derived  from  the  name  of  the  bafe.  But  as  this  acid  is  ex- 
hibited in  two  ftates  of  faturation,  in  each  of  which  its  properties  are  different, 
it  became  neceffary  to  apply -a  name  to  each  of  thefe  ftates,  which,  conftantly  pre- 
fervingthe  primitive  root,  fhould,  neverthelefs,  mark  this  difference.  It  was  equally 
requilite  that  the  fame  demarcation  fhould  follow  all  the  faline  compounds  of'  thefe 
two  acids.  Again,  it  was  neceffary  to  attend  to  fulphur  in  its  other  diredt  com- 
binations, as  for  example,  with  earths,  alkalis,  and  metals.  Five  different  termi- 
nations, adapted  to  the  fame  radical- word,  will  diftinguifh  thefe  five  ftates  of  the 
fame  principle. 

The  fulphuric  acid  will  denote  fulphur  in  the  utmoft  degree  of  faturation  with 
oxygene.  It  is  the  vitriolic  acid,  as  commonly  denominated. 

The  fulphureous  acid  will  exprefs  Tulphur  united  with  a fmaller  proportion  of 
oxygene.  It  is  the  volatile  fulphureous  vitriolic  acid,  or  the  phlogifticated  vitri- 
olic acid,  formerly  fo  called. 

Sulphat  will  be  the  generic  name  of  all  the  falts  formed  by  the  fulphuric  acid. 

Sulphite  will  be  the  name  of  the  falts  formed  of  the  fulphureous  acid. 

Sulphure  will  be  the  name  of  all  the  combinations  of  fulphur  not  in  the  ftate  of 
acidity.  In  this  way  one  uniform  denomination  will  be  fubftituted  inftead  of  the 
improper  and  difcordant  names  of  liver  of  fulphur,  hepar,  pyrites,  mat,  &c. 

From  this  explanation  and  the  general  table  annexed,  it  will  be  readily  feen  how 
the  other  combinations  of  the  acid  bafes  are  arranged  and  denominated. 

The  third  divihon  of  the  general  table  comprehends  all  the  metallic  fubftances 
at  that  time  known.  The  uranite  or  uranium  difcovered  by  profdi’or  Klaproth, 
and  announced  in  the  year  . 1790,  is  therefore  not  among  them.  There  were 
cogent  reafons  not  to  change  the  names  of  thofe  fubftances.  The  metallic  calces 
are  called  oxides.  Such  as  are  capable  of  acidification  follow  the  general  rule  of 
other  acid  bafes  in  their  terminations,  as  may  be  feen  in  the  articles  Arsenic, 
Molybdena,  and  Tungsten.  Compounds  of  metals  with  metals  are  called 
alloys. 

The  fourth  general  divifion  comprehends  the  five  well  known  earths.  The  com- 
binations 
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binations  of  thefe  with  the  preceding  fubftances  have  been  already  fpoken  of. 
The  three  new  earths,  viz.  thofe  obtained  from  adamantine  fpar,  and  the  jargon 
of  Ceylon  by  Mr  Klaproth,  and  that  from  the  mineral  analyfed  by  Wedgewood, 
obtained  from  New  South  Wales,  are  not  inferted,  as  the  date  of  their  difcovery 
is  fubfequent  to  the  formation  of  this  nomenclature. 

The  three  alkalis  occupy  the  fifth  and  laft  principal  divifion. 

In  the  appendix  cf  more  compounded  fubftances,  we  find  mucus,-  gluten, 
fugar,  ftarch,  fixed  oil,  volatile  oil,  aroma,  or  the  principle  of  fmell  in  plants 
and  flowers,  refin,  extratft,  extra&o-refinous  matter,  refino-extradfive  matter, 
fecula,  alcohol,  the  compounds  of  alcohol,  ethers,  foaps. 

It  will  be  oblerved  in  the  table,  that  it  is  divided  into  fix  vertical  double  columns, 
under  the  title  of  i.  Subftances  not  decompofed.  2.  Converted  into  the  ftate  of 
gas  by  caloric.  3.  Combined  with  oxygene.  4.  Gazeous  oxygenated.  5.  Oxyge- 
nated with  bafes.  6.  Combined  v/ithout  being  converted  into  the  acid  ftate. 
Thefe  columns  are  double,  in  order  that  the  firft  compartment  may  contain  the 
new  name,  and  the  fecond  the  correfpondent  old  name.  Every  horizontal  divi- 
fion exhibits  the  different  ftates  and  compounds  of  the  Ample  fubftance  which  is. 
at  its  head  or  commencement. 
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I. 

SUBSTANCES  NOT  DECOM- 
POSED. 

I II. 

CONVERTED  INTO  THE  STATE 
OF  GAS  BY  CALORIC. 

III. 

| COMBINED  WITH  OXYGENE, 

’ NEW  NAMES. 

ANCIENT  NAMES. 

NEW  NAMES. 

ANCIENT  NAMES. 

jj'  NEW  NAMES. 

ANCIENT  NAMES. 

Light. 

1 

- — ■ ' ~ — J 

Caloric. 

Latent  beat , or  the  matter 
of  heat. 

Oxygene. 

Bafe  of  vital  air. 

j Oxygenous  gas. 

\N.B.  Itappears  thatlight 
affifts  to  change  it  into 
| the  ftate  of  gas. 

Dephlogiflieated  air,  or 

_Hvdrogene. 

Safe  of  inflammable  gas. 

| Hydrogenous  gas. 

Inflammable  gas . 

Water. 

Water. 

Azote.or  the  Nitric  radical 

Bafe  of  phkgiflicated  air , 
or  of  the  airtiofpherica.1 
mofet. 

Azotic  gas. 

Fhlogiflicated  air,  or  at- 
mofpherical  mephitis. 

Bafe  of  nitrous  gas. 
Nitric  acid. 

And  "with  excefs  of  az,ot, 
Nitrous  acid. 

Bafe  oj  nitrous  gas.  ' 
Colour  lefs  nin  ous  acid,  i 

F uming  nitrous  acid. 

Carbon,  or  the  Carbonic 
radical. 

Eure  charcoal. 

Carbonic  acid. 

Fixed  air,  or  cretaetmuh 

Sulphuric  acid. 

V itriolic  acid . 

Sulphur,  or  the  Sulphuric 
radical. 

And  ivitb  lefs  oxygene, 
Sulphureous  acid. 

Sulphureous  acid. 

Phofphorus,  or  the  Phof- 
phoric radical. 

Phofphoric  acid. 

And  with  lefs  oxygene, 
Phofphorous  acid. 

Phofphoric  acid. 

Fuming,  or  volatile  fit] 
phoric  acid. 

Muriatic  radical. 

Muriatic  3cid. 

And  with  excefs  of  oxygene. 
Oxygenated  muriatic  acid. 

Marine  acid. 
Dephlogiflieated marilttm 

Boraxic  Radical. 

Boraxic  acid. 

Sedative  fait. 

Fluoric  radical.  , 

|Fluoric  acid. 

4cid  of  [par.  ' 

Succinic  radical. 

1 

ISuccinic  acid. 

Volatile  fait  of  amber. 

Acetous  acid, 

Diflilled  vinegar. 

Acetic  radical. 

And  with  mo<  e oxygene , 
Acetic  acid. 

Radica!  vinegar. 

Tartaric  radical. 

Tartareous  acid. 

Pyro- tartaric  radical. 

'1  • 

Pyro-tartareouS  acid. 

Emp  y r e uniat  ic  tartaictl 

acid , or  fpirit  of  tartar. 

Oxalic  radical. 

1 

Oxalic  acid. 

Saccharine  acid. 
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IV. 

ous  oxygenated. 

V. 

OXYGENATED  WITH  BASES. 

1 VI. 

(COMBINED  WITHOUT  BEING  CON- 
VERTED INTO  THE  ACID  STATE. 

4 M E S. 

AN  IENT  NAMES.' 

NEW  NAMES , 

ANCIENT  NAMES. 

| NEW  NAMES. 

, ANCIENT  NAMES. 

is. 

• 

Nitrate  of  potaih. 
Nitrate  of  foda,  &c. 

Nitrite  of  potaih. 

Common  nitre , 
Cubic  nitre. 

gas. 

Fixed  air , mephitic  air. 

f of  lime. 

Carbonate^  of  potaih.  See. 
Lof  iron. 

Chalk. 

Aerate  alkalies . 
Rujl  of  iron. 

Carbure  of  iron. 

Plumbago. 

:id  gas. 

Sulphureous  acid  gas. 

f of  potafh. 
j of  ioda. 

Su,Phate  . of  ahtmine. 

1 of  barytes. 

L of  iron,  Sec. 

Sulphite  of  potaih,  &c. 

Vitriolated  tartar. 
Glauber1  s fait . 

Selenite. 

Alum. 

Ponderous  fpar . 

Vitriol  of  iron. 

Stahl’s  fulphureous  fait. 

f of  iron. 

Sulphure  d of  antimony. 

(.  of  lead,  Sec. 

Sulphuratedhydrogenous  gas 
Sulphure  of  potaih.  ) 

Sulphure  of  foda,  Sec.  $ 
Alkaline  fuiphures  contain- 
ing metals. 

Alkaline  fuiphures  contain- 
ing charcoal. 

Fa  Siitious  pyrites  of -iron. 
Antimony. 

Hepatic  gas. 

Alkaline  livers  of  fulphur. 
Metallic  liver  of  fulphur. 

Liver  of  fulphur  containing 
charcoal. 

f of  l'oda. 
Phofphate  < 

t of  lime,  &c. 
Phofphat  fuper-faturated 
with  foda. 

Phofphite  of  potaih,  Sec. 

Phofphoric fait  with  bafe  of 
n at  rum. 

Earth  of  bones. 

HaupCs  pearly  fait , 

[>*• 

Phofphorizcd  hydrogenous 
Phofphure  of  iron. 

Phofphoric  gas. 
Syderite. 

gas. 

iriatic  acid 

Marine  acid  gas. 

Dephlogifticated  marine 
acid  gas. 

I of  potaih. 
vj,,, J of  foda. 

MurUt£  ’I  oflime,  tec. 

x of  ammoniac. 
Oxygenated  muriate  of  foda, 
Sec.' 

Febrifuge fait  of  Sylvius. 
Sea -fait. 

Calcareous  fca-falt . 

Sal  ammoniac . 

Borat  fuper-faturated  with 
foda,  or  borax . 

Borate  of  foda,  Sec.  the  fodjt 
[aturated  ivitb  acid. 

Common  borax , 

' 

-1 

Sparry  acid  gas. 

Fluate  of  lime,  Ac. 

j Fluor  fpar  b. 

j 1 

Succinate  of  foda,  &c. 

1 

| ot  potaih. 

! of  foda. 

Acetite  -j  °D*me- 

j of  ammoniac. 

of  lead. 

Lof  copper. 
Acetat  of  foda,  Sec. 

Ter  ra  foliata  tar  tar  i. 
Mineral  foliated  earth. 
Calcareous  acetous  fait. 
Minder  crus  'j f pi  rit. 
Sugar  of  lead . 
Verdegrifc. 

| 

i 

Acidulous  tartrite  of  potaih. 
Tartrite  of  potaih. 

Tartrite  of  foda.  Sec. 

Cream  of  tartar. 
Vegetable  fait. 
SaH  Seignette. 

Pyro- tartrite  oflime. 
Pyro-tartrite  of  iron,  Sec. 

- 

1 

Acidulous  oxalate  of  potaih. . 
Oxalat  of  lime. 

of  foda,  Ac. 

Salt  of  fond. 
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I. 

SUBSTANCES  NOT  DECOM- 
POSED. 

II. 

CONVERTED  INTO  THE  STATE 
OF  GAS  BY  CALORIC. 

III. 

COMBINED  WITH  OXYGENE. 

’ N E W NAMES: 

ANCIENT  NAMES. 

' NEW  N AMES.  | 

ANCIENT  NAME.'. 

NEW  NAMES.  ] 

ANCIENT  NAM Es  ' 

Gallic  radical. 

v 

Gallic  acid. 

Ajlringent  principle. 

Citric  radical. 

Citric  acid. 

Lemon-juice. 

Malic  radical. 

Malic  acid. 

Acid  uj  apples.  f- 

' Benzoic  radical. 

Benzoic  acid. 

Flowers  of  benzoin.- 

Pyro-lignic  radical. 

Pyro-ligneous  acid. 

Spirit  of  box. 

| Pyro-mucic  radical. 

Pyro-mucous  acid. 

Spirit  of  honey , of  Ju gar, 
&c. 

Camphoric  radical. 

Camphoric  acid. 

Laddie  radical. 

Laddie  acid. 

Add  of  milk.  \ 

Saccho-ladtic  radical. 

Saccho-laddic  acid. 

■ cid  of  the jugar  oj  mid, 

Fomuc  radical. 

Formic  acid. 

Acid  of  ants. 

Pruffic  radical. 

Pruffic  acid. 

Colouring  matter  of  Prifk 
blue.  | 

| bebacic  radical. 

|Sebacic  acid. 

Arid  of  fat.  .Mim 

j I.ithic  .radical.' 

Lithic  acid. 

' Acid  ofihejtone  oj  ibebUil 

| Bombic  radical,. 

Bom'iic  acid. 

1 c.d  of  fJk  nvorm. 

j .Arfenic. 

Rtgulus  of  arfenic. 

Oxide  or  arfenic. 

Atid  -with  more  oxygene, 
Ar r":  :r  ac;d. 

White  arjenic,  or  edit  ij 
arfenic. 

At  fc  nical  acid. 

I Molybdena. 

Oxide  ot  moiybdena. 
Molybdic  acid. 

C a.  x of  molybdena . 

Tungflein. 

Oxide  of  tungftein. 
Tungftic  acid. 

Yellow  caix  oj  lunjitin,  o: 
tungjtein. 

Manganefe. 

Regulus  of  manganefe. 

Vitreous  J e‘ 

Manganefe. 

N ickel 

Oxide  of  nickel. 

Calx  of  nickel. 

. Cobalt. 

Regains  of  cobalt. 

Grey  oxide  ol  cobalt. 
Vitreous  oxide  of  cobalt. 

Caix  of  cobalt. 

Blfvhuth.. 

White  ~| 

Yellow  ^ Oxide  ofbifmuth 
Vitreous  J 

LV.aglj  , r,  oj  o fM p ■ 

Yillow  calx  of  bifmuii. 
Gl  fs  of  bfmuth. 

Antimony. 

< 

Regulus  of  antimony. 

I by  the  nitrous 
White  oxide!  acid, 
of  antimony  j by  the  muri- 
l aticacid. 

White  fublimated  . oxide  of 
antimony. 

Vitreous  oxide  of  antimony. 

Diaphoretic  antimony. 

Powder  of  algarotb.  j 

Flowers  or  fnow,  of  Mil 
mony. 

Gla-h  of  reeulus  of  anlmot 

Iron. 

Oxide  of  zink. 

Sublimated  oxide  of  zink. 

Calx  of  zink.  . . « 

Flowers  of  zink.  Pemm 
l,x , &c. 

BlackToxide  of  iron. 
R d oxide  of  iron. 

Fill,  j s oj  iron 
' Almngmt  faffron  ofMff 
( . in.  1 

Tin. 

Lead. 

White  oxide  of  lead. 
Yellow  ox'de  of  lead. 
Red  oxide  of  lead. 

1 Viue^us  ovide  of  lead.- 

Ceraj/e,  or  ■while-lead . 

Mafficot. 

Minium. 

Lit  barge.  

Copper. 

‘Mercury.  ' 

Silver. 

jc.cd  oxiae  ot  co,.p  r. 
Green  oxide  of  copper. 

[Blue  oxide  of  copper. 

hi  own  c..lx  of  copper. 

Green  calx  of  copper,  o 
vndegrift.  \ 

TVfnu >; tain  b<ue.  __ 

Black  iih'l 

Yellow  }■  Mercurial  oxide. . 
Red . J 
Oxide  of  filver. 

Ethiops  per  fe. 

Turbitb  mineral.  - j 

Precipitate  tier  fe.  I 

Calx  of  fiber. 

Platina. 

V—  1.. 

Oxide  of  plntina. 
Oxide  of  gold.. 

Caix  of  platina » , ^ 

Calx  of  gold* 

/ 
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NAM  h.  S. 

ANCIENT  NAMES. 

NEW  NAMES. 

j ANCIENT  NAMES. 

NElV  NAMES. 

ANCIENT  NAMES. 

f of  foda. 

Gallate  of  naagnefia. 
Lofiron. 

I Citrate  of  potafh. 
Citrate  of  lead,  See. 

j Foliated  earth  with  lemon. 
j juice . 

| .VI a I a te  ot  lime,  &c. 

| 

Aluminous  benzoate. 
Benzoate  of  iron,  &c. 

Pyro-Iignite  of  lime. 
Pyro-lignite  of  zinc. 

* 

Pyro-mucite  of  magnefia. 
Ammoniacal  pyro-mucite?, 
See. 

(Camphorate  of  lbda,  &c. 

lLadtate  of  lime,  See. 

|Saccholateof  iron,  &c. 

|Ammoniacal  formiat,  &c. 

Spirit  of  magnanimity . 

jPrulliate  of  potalh,  &c. 
IPrufliateof  iron,  See. 

Phlogijiicated.  alkali , or 
Prujjian  alkali. 

P ruffian  blue. 

ISebate  ot  lime,  &c. 

■ 

|Lithiate  of  foda,  &c. 

|Bombiate  ot  iron,  See. 

1 

WITH  DIFFERENT  BASES.* 

- * ! 

phurated 
leof  arfenic. 
ie  o'f  potalh . 
dybden. 

Orpiment. 

Realgar. 

Liver  of  arfenic. 

Arfeniate  of  potalh,  &c. 
Arfeniate  of  copper,  Sec. 

iVIacjuer' s arfenical neutral 
fait. 

Alloy  of  arfenic  and  tin. 

Arf  riicated  tin. 

I 

j 

Molybdena , 

iVioiybdate. 

■ 

•Hoy,  &c. 

Calcareous  tungftate. 

Tungfien  of  the  Swedes. 

Alloy,  Sec. 

1 

Alloy  of  manganefe  and 
iron. 

Alloy  of  nickel,  dec. 

Hie  oxides. 

Precipitates  of  cobalt  re-\ 
dijjolved  by  alkalies. 

| 

| [ 

Ulloy,  Sec. 

| 

ixidc  of  bif- 

Hifmuth  precipitated  by\ 
liver  of  fulphitr . | 

Alloy,  &c. 

j 

il  phurated 
de  of  anti- 
mony, 
e of  anti- 

Gray  calx  of  antimony. 
Kennes  mineral. 

Gol den f ulp  hur  of  a ntimony 
Glafs  an  a Inter  of  antimony 

Alloy,  Sec. 

| 

tide  of  zinc. 

Precipitate  of  xinc  by  liver  j 
offtdphur. 

I 

| 

Alloy,  &c. 

j 

idc  of  iron. 

I 

Alloy,  &c. 

+0 

oxide  of  in 

An  rum  mijivum. 

| 

Alloy,  See. 

ide  of  lead . 

Alloy,  &c. 

xid  of  cop- 

Alloy,  Sec. 

[ 

ratedoxide  ■ 
lcrcury.  < 

Ethiops  mineral. 
Cinnabar. 

I 



Alloy  or  amalgam  of,  Sec. 

d cot  lilver 

1 

Alloy,  &c. 

1- 

J 

I 

Alloy  of  pla'tina  and  guiu. 

1 

II 

1 

Alloy,  See. 

i 

1 iAIerinr  part  of  this  column  cannot  be  changed  into  the  lhte  of  pas  as  well  as  man)  01  ihol'e  li.  imo  vi  ;.i>  \ v in- 

titleof  this  column,  and  by  many  ol  that  which  we  have  lubftUuted  we  exprefs  certain  combinations  of  metals.  — Note  bv  the  Author. 
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NOMENCLATURE 


II.  1 

CONVERTED  INTO  THE  STATE 
OF  GAS  BY  CALORIC. 

in. 

COMBINED  WITH  OXYGENE. 

-A-  .hCLli 

'new  names. 

ANCIENT  NAMES 

NEW  'NAMES. 

ANCIENT  NAMES? 

Ammoniacal  gas. 

Alkaline  gas. 

SUBSTANCES  NOT  DECOM- 
POSED. 


NEW  NAMES. 


i Alumine. 

T 


Bar.yt 


I Lime. 
(.Magnefia. 


f Potafh. 

i- 


<j  Soda 


ANCIENT  NAMES. 


VitriJiable  earth , quartz 
■ &c. 


Argillaceous  earth , 
earth  of  alum. 


Barytes,  ponderous  earth. 


Calcareous  earth- 


Vegetable  fixed  alkali, 
fait  of  tartar,  &c. 


Mineral  alkali.  Mar. 

alkali.  Natrum. 
Fluor 


uflic  ■vblaliL 


NAMES  GIVEN  TO  SEVERAL  MORE  COMPOUND  SUBSTANCES 


I 

2 

3 

4 

5 

6 

7 

s 

9 

10 

Mucus. 

Gluten. 

Sugar. 

Starch. 

Fixed  oil. 

Volatile  oil. 

Aroma. 

Refin. 

Extraft. 

Extra&o-refinouj 
matter,  iciun  the 
exlraB  pnimi- 
natts. 

Mucilage. 

Glutenous 

matter. 

Saccharine 
. matter , 

Amylaceous 

matter. 

Un&uous,  or 
fat  oil. 

EJfential  oil. 

Spiritus 

re&or. 

Refin. 

Extractive 

matter. 
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V. 
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VA  M E s. 

.ANCIENT  NAMES. 

NEfV  NAMES 

ANCIENT  NAMES. 

NE IV  NAMES.  ANCIENT  NAMES. 

4«f 

49 

» 

5r 

i__ 

iz 

1 

?3 

5+ 

1 

>S 

[ COMBINE  WITHOUT  DECOMPOSITION. 
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13 

H 

2S 

16 

U 

\ive 
t the 

Fecula. 

. Alcohol,  or  Spirit 
of  wine. 

f of  potafh. 

Alcohol  ^ °fS,uaiac“m- 
; 01  lcammony. 
lof  myrrh,  &c. 

Nitrous  alcohol. 
Gallic  alcohol. 
Muriatic  alcohol. 

Sulphuric  ether. 
Muriatic  ether. 
Acetic  ether,  &c. 

Alkaline  foaps. 
Earthy  foaps. 
Acid  foaps. 
Metallic  foaps. 

Saponul  of  turp.  & c. 

Fecula. 

Spirit  of  mine. 

Alkaline  tinSlure, 

f °f guaiacum. 
TinBurei.  offcammony. 

|_  of  myrrh,  &c. 

Dulcified  fpirit  of 
nitre. 

FinBure  of  galls. 
Dulcified  marine 
acid. 

Frobenii/s's  ether. 
Marine  ether. 
Acetous  ether,  &c. 

Alkaline  foaps. 

Earthy  foaps , ESc. 

Combinations  of  the  vo- 
latile oils  •with  diffe- 
rent uafcs. 
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NUX 


NORKA.  A compound  flone  of  the  filiceous  genus,  being  a variety  of  the 
granite  or  moor-ftone.  It  is  either  grey  or  reddifh,  and  confifts  of  quartz/garnet, 
and  mica.  It  is  ufed  for  mill- (tones. 

NUTMEGS.  This  fruit  contains  two  kinds  of  oils,  namely,  a grofs  febace- 
ous  oil,  and  a volatile  effential  fluid  oil;  in  which  laft  the  peculiar  tafte  and  fmell 
of  nutmegs  refide.  The  effential  oil  alfo  appears  to  be  of  two  kinds ; one  of 
which  is  fo  light  as  to  fwim  upon  water,  and  to  rife  in  diftillation  with  fpirit  of 
wine  ; and  the  other  is  fo  grofs  and  ponderous,  that  it  finks  in  water,  and  is  with 
difficulty  capable  of  being'di (tilled  with  water,  and  not  at  all  with  fpirit  of  wine. 

Sixteen  ounces  cf  nutmegs  yielded,  by  diftillation,  half  an  ounce  of  effential 
oil  ; and  afterwards  four  or  five  ounces  of  the  grofs  febaceous  oil  were  found  float- 
ing on  the  furface  of  the  water  in  the  (till.  Rectified  fpirit  of  wine  diffolves  all 
the' effential  oil,  and  a part  of  the  expreflible  oil.  From  four  ounces  of  nutmegs 
nine  drams  of  a concrete  oil  were  expreffed.  This  oil  contains  a confiderable  por- 
tion of  the  effential  oil.  It  is  brought  from  India  in  form  of  cakes,  and  is  called 
oil  of  mace,  the  mace  being  one  of  the  exterior  coverings  of  the  nutmeg,  and 
containing  fimilar  oils.  Neumann. 

NUX  VOMICA,  fo  called,  is  not  a nut,  but  the  feed  of  a fruit  like  an 
orange,  growing  in  the  Eaft  Indies : it  is  called  by  the  Germans  krtehenaugen, 
crows5- eyes,  from  its  having  fomewhat  of  the  appearance  of  a grey  eye, 
and  from  its  being  poifonous  to  crows.  The  tree  is  defcribed  and  figured 
tn  the  Bert  us  Malabaricus , under  the  name  of  Caniram,  The  feeds  brought 
to  us  are  of  different  fizes,  and  produced  by  different  fpecies  of  the  plant. 
The  tree  which  yields  the  fmaller  fort  is  that  whofe  roots  are  the  lignum  colubri- 
num  of  the  drops.  They  are  commonly  of  a roundidr  flat  figure,  varioufly  bent, 
with  a navel  or  prominence  in  the  middle  covered  all  over  with  fine  flrort  hairs 
like  velvet ; the  kernel  is  nearly  of  the  confidence  of  horn,  but  harder  and  more 
brittle,  fo  as  to  be  beat  in  pieces  by  a hammer. 

An  ounce  of  nux  vomica,  rafped  into  fine  powder,  .yielded  with  water  half  an 
ounce  of  gummy  extraft,  and  afterwards  with  fpirit  only  five  grains  of  refin  ; 
another  ounce,  treated  firft  with  fpirit,  gave  one  dram  32  grains  of  refinoqs  extradh, 
and  afterwards  two  drams  36  grains  of  mucilage;  the  indiffoluble  part  amounting, 
to  about  half  the  weight  of  the  feed.  Both  the  watery  and  fpirituous  extracts, 
prepared  at  firft,  are  very  bitter,  particularly  the  fpirituous : thofe  made  by  either 
menftruum,  after  the  other  has  performed  its  office,  have  little  bittern  eft.  In 
diftillation  neither  water  nor  fpirit  brings  over  any  thing  remarkable.  The  watery 
fpirit  offal  ammoniac  digefted  on  this  feed,  gains  a deeper  colour  than  any  other 
menftruum  ; the  tinfture  is  brownifli  red.  The  vinous  fpirit  of  fal-ammoniac 
fcarcely  extraftsa  yellowifh  hue  ; and  Ample  fpirit  of  wine  receives  no  tinge  at  all. 

Nux  vomica  is  poifonous  to  dogs,  to  other  carnivorous  animals  andfuchas  are 
born  blind.  It  does  not  indeed  follow,  from  hence,  that  it  is  poifonous  to  men  ; and 
fome  have  even  recommended  it  as  a notable  diaphoretic  and  alexipharmic  ; and 
Melichius  obferves  that  it  is  eaten  by  the  Turks  without  injury.  But  Seutter  tells 
us  of  a woman  in  Holland,  who,  on  taking  a dofe  of  nux  vomica,  mixed  with  a 
little  gentian,  for  the  cure  of  an  intermitting  fever,  was  thrown  into  violent 
convulfions,  from  which  (he  difficultly  efcaped  with  her  life  : this  one  example 
is  fufficient  to  deter  11s  from  the  ufe  of  the  nux  vomica,  efpecially  as  we  are  fur- 
nifbed  with  efficacious  and  unfufpected  medicines  for  all  the  intentions  in  which 
it  is  recommended.  It  is  obfervable,  that  the  outer  (kin,  and  its  hairy  covering, 
are  more  virulent  than  the  kernel.  Neumann. 
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OAK.  The  ufes  of  the  wood  of  the  oak  tree  are  fufficiently  known.  Every 
part  of  this  vegetable  abounds  with  aftringent  matter  ; but  the  fubftances 
more  particularly  attended  to  by  chemifts  are,  the  excrefcence  of  the  oak,  called 
the  nut  gall,  ofwhich  we  have  already  treated  under  the  articles  Acid  of  Galls, 
and  Ink;  and  the  bark  of  the  tree,  ufed  in  the  procefs  of  tanning,  which  fee. 

OCHRE.  A ferruginous  earth,  or  ore  of  iron,  commonly  of  a yellow,  brown, 
or  red  colour.  It  is  ufed  as  a pigment.  The  colour  of  fucli  fpecimens  as  are 
dark,  may  be  rendered  of  a brighter  red  by  calcination  ; which  alters  the  date  of 
the  metal.  Ochres  appear  to  have  been  produced  by  the  decompofidon  of  the 
martial  pyrites,  which  confift  of  fulphur  and  iron.  By  the  combined  a&ion  of  the 
air  and  water,  the  fulphur  becomes  acidified,  and  forms  vitriol,  the  iron  of  which 
may  be  depofited  upon  calcareous  earths,  which  feize  the  acid  : or  more  com- 
monly, by  the  more  complete  calcination  of  the  iron,  by  the  air,  which  then 
becomes  lefs  foluble  and  falls  down,  as  is  feen  in  a folution  of  common  vitriol 
left  in  an  open  vefiel.  In  many  places  the  iron  is  extracted  from  this  ore. 
OCULUS  MXJNDI.  See  Hydrophanes. 

ODOUR.  See  Smell,  Principle  of. 

OFFA  ALBA,  or  OFFA  HELMONTII.  When  ftrong  ardent  fpirit  is 
added  to  a folution  of  mild  volatile  alkali  in  water,  the  fait  is  precipitated  in  con- 
fequence  of  the  ftrong  attraction  of  the  fpirit  for  the  water.  No  fuch  precipita- 
tion takes  place  when  the  alkali  is  cauftic,  becaufe  the  pure  alkali  is  itfelf  foluble 
in  the  fpirit,  whether  it  be  exhibited  in  the  form  of  air,  or  the  aqueous  folution. 

OIL.  The  diftineftive  characters  of  oil  are,  inflammability,  infolubility  in 
water,  and  fluidity,  at  leaft  in  a moderate  temperature.  They  are  diftinguifhed 
into  fixed  oils,  or  fat  oils,  which  do  not  rife  in  diftillation  at  the  temperature 
of  boiling  water,  and  volatile  or  efiential  oils,  which  do  rife  at  that  temperature. 

Fixed  oils  are  obtained  by  preflure  from  the  emulfive  feeds  or  kernels  of  vege- 
tables ; they  are  generally  fluid  in  the  temperature  of  the  atrnofphere,  but  fome  of 
them  have  a confiderable  degree  of  firmnefs  or  folidity.  They  have  a very  fmooth 
feel  ; are  moftly  without  fmell  or  tafte  ; require  a degree  of  heat  much  fuperior  to 
that  of  boiling  water,  to  caufe  them  to  rife  in  ebullition;  and  cannot  be  fet  on 
fire,  unlefts  heated  to  this  degree.  Theufeof  the  wick  of  a lamp'conftfts  in  bring- 
ing fmall  portions  of  oil  to  its  extremity,  by  the  capillary  attraction  ; where  they 
become  fucceflively  volatilized  and  inflamed.  Oils  are  remarkably. lefs  fonorous 
than  water,  when  poured  out.  Fat  oils,  not  being  at  all  diffipated  by  the  heat  of 
the  atrnofphere,  make  a permanent  greafy  fpot  when  they  fill  on  porous 
fu  bftan  ces. 

Thefe  oils  are  decompofed  by  diftillation,  and  afford  a fmall  quantity  of  water 
loaded  with  a peculiar  acid,  a light  oil,  a denfe  oil,  inflammable  air,  and  fixed 
air.  The  refidue  confifts  of  a fmall  quantity  of  charcoal. 

In  the  laft  analyfis  of  organifed  fubftances  the  refu Its  are,  inflammable  air,  vital 
air,  phlogifticated  or  azotic  air,  and  fixed  air,  or  pure  coal,  which  appears  to  be 
it's  bafts.  By  what  combinations  or  fuper-compofidons  they  are  made  to  exhibit 
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the  variety  of  produds  which  come  under  our  obfervation,  can  in  few  refped:?  be 
afeertained  by  any  experiments  we  are  yet  capable  of  making.  Lavoifier,  in  the 
Memoirs  of  the  French  Academy  for  1784,  collected  the  produds  of  olive  oil 
burned  in  an  apparatus  properly  conftruded  to  afeertain  their  nature  and  proper- 
ties. He  obtained  79  parts  of  carbone,  and  21  of  hydrogene,  from  100  of  the  oil. 
From  thefe  component  parts,  inferences  may  be  formed  refpeding  the  acid,  the 
water,  the  fixed  air,  and  the  inflammable  air,  afforded  by  the  partial  decompofi- 
tions„or  combuftions  of  this  fluid. 

The  light  oil  produced  by  diftillation  of  fat  oils,  is  naturally  more  difpofed  to 
fly  off"  by  heat,  and  leaves  lefs  coal  behind  it,  than  the  fat  oil  itfelf.  This  pro- 
perty renders  it  ufeful  in  fome  of  the  arts,  as  thofe  of  lapidaries,  feal- engravers, 
and  others,  who  grind  precious  ftones  with  fretting  powders.  The  oil  ufed  for' 
this  purpofe  is  known  by  the  name  of  oil  of  bricks,  and  is  made,  as  I am  inform- 
ed, by  igniting  pieces  of  brick,  quenching  them  in  olive  oil,  and  afterwards 
diftilling  the  oil  from  the  pieces  of  brick  which  had  imbibed  it.  In  order  to  form  a 
proper  notion  of  the  advantage  of  this  fluid,  it  muff  be  remarked,  that  all  grind- 
ing produces  heat ; that  this  heat  would  fpeedily  evaporate  Water,  and  render 
common  oil  thick ; that,  if  neither  water  nor  oil  were  prefent,  the  heat  would 
very  foon  increafe  to  ftrong  ignition,  and  injure  both  the  tool  and  the  fubftance 
operated  on.  The  oil  of  bricks  poflefles  neither  of  the  bad  qualities  of  the  two 
fluids  here  mentioned,  in  fo  considerable  a degree,  and-  is  therefore  preferred  for 
fuch  work  as  can  afford  the  expence. 

Fat  oils,  by  expofure  to  the  air,  become  rancid,  and  exhibit  a difengaged 
acid,  which  may  be  wafhed  off  by  water.  When  they  are  expofed  to  the  air,  in  a 
thin  coat,  upon  the  furface  of  water ; they  become  more  confiftent,  like  wax, 
by  abforbing  the  vital  part  of  the  atmofphere.  The  aerated  or  dephlogifticated 
marine  acid  produces  this  change  more  fpeedily.  Agitation  in  water  feparates  a 
mucilage  from  them..  They  combine  with  magnefia,  and  with  lime,  which  con- 
vert them  into  faponaceous  compounds.  With  the  pure  alkalis  tney  form  com- 
mon foap.  They  do  not  unite  with  the  volatile  alkali,  but  by  long  trituration. 

The  mineral  acids  unite  with  fat  oils,  and  form  compounds,  or  imperfed  foaps. 
Fuming  nitrous  acid  caufes  them  to  take  fire,  as  has  already  been  obferved. 
Sulphur  is  foluble  in  fat  oils,  by  a digefting  heat ; and  is  gradually  depofited  in 
part  from  them,  in  a cryftalline  form,  by  cooling. 

Thefe  fulphureous  compounds  are  called  balfams  of  fuiphur. 

Fixed  oils  feem  not  to  be  fulceptible  of  combination  with  pure  metallic  fub- 
ftances,  excepting  iron  and  copper,  upon  which  they  ad;  in  a fufficiently  diftind: 
manner.  But  they  combine  with  metallic  calces,  and  form  with  them  thick 
concrete  combinations,  of  a foapy  appearance,  as  is  obfervable  in  the  prepara- 
tion of  unguents  and  plafters.  Thefe  preparations  have  not  been  yet  chemically 
examined  : only  we  know,  that  fome  metallic  calces  are  reduced  in  the  making 
up  of  plafters;  as  for  inftance,  the  calx  of  copper  in  the  Divine  Plafter,  and 
litharge,  or  calx  of  lead,  in  the  Ointment  de  la  Mere.  In  the  allaying  of  metals, 
fixed  oils  are  employed  to  reduce  the  metallic  calces.  M.  Berthollet  has  given 
an  ingenious  and  Ample  procefs  for  effeding  inftantaneoufly  a real  combination 
between  fixed  oil  and  any  metallic  calx,  that  is,  for  preparing  a metallic  foap.  It 
confifts  in  pouring  a metallic  folution  into  a folution  of  common  foap.  The  acid 
of  the  metallic  folution  combines  with  the  fixed  alkali  of  the  foap ; and  the 
metallic  calx  is  then  precipitated  in  union  with  the  oil,  to  which  it  communi- 
cates a colour.  In  this  manner,  foap  of  a beautiful  green  colour  may  be  prepared 
5 with, 


O 1 L 


O I L 


( 533  ) 

with  vitriol  of  copper;  and  with  vitriol  of  iron,  a clear  deep  brown  foap.  Four- 
croy  thinks  thefe  compounds  might  be  very  ufeful  in  painting. 

Scheele  has  difcovered,  that  when  oil  of  fweet  almonds,  olives,  rape-feed,  or 
lint-feed,  is  combined  with  calx  of  lead,  with  the  addition  of  a little  water,  there 
is  a matter  feparated  from  the  oil  which  fwims  on  the  furface  of  the  liquor,  and  to 
which  he  has  given  the  name  of  the  mild  principle.  On  evaporating  this  fuper- 
natant  water,  the  principle  diffo.lved  in  it  caufes  it  to  take  the  confiftency  of  fyrup  : 
when  expofed  to  a ftrong  heat,  it  takes  fire  : one  part  is  volatilized  in  diftillation, 
without  burning:  the  coal  which  it  leaves  is  light:  it  does  not  cryftallize ; nor 
does  it  feem  to  be  fufceptible  of  fermentation.  Nitrous  acid,  diftilled  on  this 
matter  four  times  fucceffively,  changes  it  into  acid  of  fugar.  This  mild  principle 
of  Scheele’s  appears  to  be  a fort  of  mucilage. 

The  denfe  animal  oils,  fuch  as  butter,  tallow,  fat,  the  oil  of  the  whale,  and  the 
like,  exceedingly  refemble  vegetable  fixed  oils.  They  appear,  however,  to  con- 
tain a proportion  of  azotic  air,  or  animalized  matter,  probably  in  the  ftate  of 
feruhn  or  jelly.  The  volatile  oil  obtained  by  attenuating  animal  oil,  by  a number 
of  fucceffive  diflillations,  is  called  the  oil  ofDippel.  Macquer  obferves,  that  it 
may  be  rendered  almoft  as  white,  thin,  and  volatile,  as  ether,  and  is  then  capable 
of  afting  upon  the  brain  and  nervous  fyftem,  in  a dofe  of  from  four  to  ten  or 
twelve  drops,  incorporated  with  fome  proper  vehicle. 

It  is  much  more  difficult  to  obtain  this  oil  in  a pure  ftate  from  fixed  oils,  than 
from  gelatinous  matters,  of  which  hartfhorn  is  to  be  preferred.  It  is  neceffary  to 
change  the  veffels  at  each  fucceffive  diftillation,  or  elfe  to  clean  them  perfectly, 
becaufe  a very  fmall  part  of  the  thicker  and  lefs  volatile  oil  is  fufficient  to  fpoil 
a large  quantity  of  that  which  is  more  highly  rectified.  Beaume  has  obferved, 
that  this  operation  may  be  greatly  abridged  by  taking  care  to  receive  none  but 
the  1110ft  volatile  part  in  each  diftillation,  and  to  leave  a large  reltduum,  which  is 
to  be  neglefted,  and  only  the  more  volatile  part  is  to  be  further  reft ified.  By  this 
method,  we  may  obtain  in  three  or  four  diftillations  a confiderable  quantity  of 
fine  oil  of  Dippel,  which  could  not  be  obtained  after  50  or  60  diftillations,  with- 
out attending  to  this  circumftance.  And  Monnet  afferts,  that,  by  mixing  acids 
with  animal  oil,  their  reftification  may  be  very  much  facilitated. 

The  oil  ofDippel  muft  be  kept  in  clean  glafs  bottles  with  ground  ftoppers,  and 
expofed  as  little  as  poffible  to  the  air,  becaufe  its  volatile  parts  fly  off, and  the 
remainder  becomes  coloured. 

Fourcroy  diftinguilhes  vegetable  fat  oils  into  three  claffes.  In  the  firft,  he  places 
fuch  as  are  congealable  by  cold,  thicken  very  flowly  by  expofure  to  air,  form  foaps 
with  acids,  and  require  an  addition  of  vitriolic  acid  to  that  of  nitre  in  order  to 
inflame  them.  Such  are, 

1.  Oil  of  olives,  obtained  by  bruifing  that  fruit  between  two  mill-ftones,  and 
preffing  it  in  bags  made  of  rufhes.  That  which  runs  firft  is  called  virgin  oil 
that  which  is  obtained  from  mark  fprinkled  with  water  is  not  fo  pure,  and  depofits 
a lee;  that  obtained  from  unripe  olives  is  the  oleum  omphacinum  of  the  ancients.. 
Oil  of  olives  freezes  at  io°  under  zero,  in  Reaumur’s  thermometer,  or  iof 
above  that  point  in  Fahrenheit’s,  and  will  ftand  about  twelve  years  without 
becoming  rancid. 

2 Oil  of  fweet  almonds,  extrafted  without  the  application  of  heat,  becomes 
very  foon  rancid;  it  freezes  at  6°  under  o in  Reaumur’s  fcale,  or  174  of  Fah- 
renheit’s. 

3,  Oil  of  rape-feed,  obtained  from  the  feed  of  a kind  of  cabbage,  called  eolfa. 

4.  Oil: 
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4.  Oil  of  ben,  extradited  from  the  ben  nut  of  Egypt  and  Arabia  ; it  is  very 
acrid,  and  deftitute  of  fmell ; it  freezes  very  eafily.  «i 

The  fecond  clafs  comprehends  oils  fubjed  to  becorhe  dry,  which  are  very 
eafily  rendered  thick,  are  not  fixed  by  the  aclion  of  cold,  are  kindled  by  the 
nitrous  acid,  and  form  with  vitriolic  acid  a fort  of  refin.  Such  are, 

1.  Lint-feed  oil,  obtained  by  preflure  from  lint- feed  ; it  is  ufed  for  oily  var- 
niflhes,  and  in  painting. 

2.  Oil  of  nuts,  applied  to  the  fame  ufes. 

3.  Oil  of  carnations,  or  poppy-feed;  which,  a^  has  been  fully  proved  by  the 
Abbe  Rozier,  is  not  at  all  narcotic. 

4.  Oil  of  hemp-feed,  which  is  very  drying. 

Under  the  third  genus,  he  comprehends  concrete  fixed  oils,  or  vegetable  but- 
ters; among  which  may  be  diftinguilhed  the  following  : 

1.  Butter  of  cacao,  extraded  from  the  cacao  nut. — There  are  four  forts  of 
cacao;  the  large  and  the  fmall  caracca,.the  berbice,  and  that  of  the  iflands:  this 
butter  is  extraded  from  the  nut  by  roafting,  and  fubfequent  boiling  in  water;  it  is 
purified  by  melting  it  by  a very  moderate  heat. 

2.  The  cocoa  nut  affords  a fimilar  butter. 

3.  Vegetable  wax  is  of  the  fame  nature,  only  more  folid.  It  is  the  produdion 
of  China  ; it  is  there  made  into  yellow,  white,  or  green  candles,  the  colour  vary- 
ing with  the  manner  in  which  the , wax  is  extraded.  The  catkins  of  birch  and 
poplar  afford  a fmall  quantity  of  a fimilar  wax  ; that  of  Louifiana  is  more  plente- 
ous. M.  Berthollet  eafily  whitens  it  with  oxygenated  muriatic  acid. 

Volatile  or  eflential  oils  have  ufually  a ftrong  aromatic  fmell,  are  fufficiently 
volatile  to  rife  with  the  heat  of  boiling  water,  and  are  in  general  foluble  in  fpi-rit 
of  wine.  They  exift  in  almoft  all  fragrant  vegetables ; and  in  the  various  plants 
which  fupply  them  they  are  found  either  in  the  wood,  the  root,  the  bark,  the 
leaves,  the  flowers,  the  fruits,  &c.  They  differ  very  imich  in  the  degree  of  flu- 
idity they  poflefs  at  a common  temperature,  and  their  colours  are  various.  They 
are  obtained  either  by  expreflion,  as  from  the  peel  of  oranges  and  lemons,  or  by 
diftillation  with  water.  Some  eflential  oils,  fuch  as  thofe  of  cinnamon,  faflafras, 
and  other  foreign  plants,  fink  to  the  bottom  of  the  water  with  which  they  come 
over;  others  float  at  the  top.  It  is  eafy  to  diftinguilh  the  adulteration  of  volatile 
oils,  either  by  pouring  ardent  fpirit  upon  them,  which  will  not  diffolve  the  fat  oil 
they  may  be  contaminated  with  ; or  if  they  be  dropped  on  paper,  and  held  to  the 
fire,  in  this  cafe  they  leave  a greafy  fpot  behind.  If  oil  of  turpentine  be  fraudu- 
lently added  to  them,  its  fmell  betrays  its  prefence  when  treated  in  this  manner. 

Volatile  oils  are  very  inflammable;  by  expofure  to  air  they  become  thick  in 
procefsof  time,  and  affume  the  charader  of  refins. 

They  unite  with  difficulty  to  lime  and  alkalis.  The  vitriolic  acid  converts  them 
into  bitumens;  but,  if  diluted,  it  renders  them  faponaceous,  as  does  likewife  the 
muriatic  acid.  Nitrous  acid  inflames  them. 

They  unite  very  readily  with  lulphur,  and  form  balfams.  Mucilages  and  fug?.r 
render  them  foluble  or  diffufible  in  water. 

Thefe  oils  not  only  contain  all  the  fmell,  but  fometimes  likewife  the  tafte  of 
the  body  from  which  they  have  been  extradited;  in  confequence  of  which  the 
refiduum  has  loft  thefe  fenfible  qualities.  There  are  indeed  ieveral  vegetables  that 
have  an  agreeable  flavour,  and  notwithftanding  yield  no  ethereal  oil  on  being 
diftilled  with  water,  of  which  lilies,  hyacinths,  clove,  july-flowers,  violets,  the 
bloom  of  the  lime  or  linden-tree,  lilies  of  the  valley,  &c.  are  ufually  adduced  as 

inftances ; 
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inftances;  a fad  which  might  be  oppofed  to  what  has  been  afferted  juft  above. 
But  this  objection  in  the  opinion  of  Wiegleb  is  eafily  overturned,  as  he  thinks  he 
is  able  to  prove,  that  the  reafon  why  none  of  thefe  fubftances  yield  ethereal  oil,  is 
only  becaufe  they  contain  but  a fmall,  though  a ftrong-fcented  portion  of  this 
oil,  which  is  imbibed  by  the  water  employed  in  the  diftillation  ; in  confequence 
of  which,  this  likewife  acquires  the  fame  fmell  as  was  originally  poffeffed  by  the 
vegetable  itfelf.  Rofes,  orange -flowers,* and  feveral  other  flmilar  fubftances, 
which  contain  but  very  little  oil,  were  formerly  ranked  among  thefe,  as  they  alfo 
yield  no  oil,  when  in  fmall  quantities;  but  it  is  now  certainly  known,  that  in  large 
quantities  they  afford  a fmall  portion  of  oil.  We  find  likewife  that  vegetables, 
which  are  certainly  known  to  contain  volatile  oil,  when  diftilled  in  fmall  quantities, 
yield  an  odorous  diftilled  water  only,  in  which  frequently  not  the  leaft  veftige  of 
fuch  oil  is  difcoverable.  Wiegleb  very  rationally  fuppofes  that,  if  thofe  vege- 
tables which  produce  an  odorous  water  were  fubmitted  to  diftillation  by  the 
hundred  weight,  they  would  yield  an  ethereal  oil  juft  as  well  as  the  others;  and 
that  we  fiiould  neceflarily  be  convinced,  that  the  whole  of  their  fmell  is  derived 
from  a fmall  quantity  of  a ftrong-fcented  ethereal  oil. 

The  prefence  of  effential  oils  is  difcoverable  by  the  fmell.  In  thefe  they  are 
commonly  in  appropriated  veffels,  which,  however,  are  fometimes  fo  fmall  that 
they  cannot  be  diftinguifhed  by  the  naked  eye,  yet  in  fome  they  may  be  obferved 
by  the  afiiftance  of  microfcopes ; as  for  inftance,  in  nutmeg,  angelica,  and  maf- 
ter-wort,  juniper-berries,  lemon  and  orange-peel.  From  thefe  two  laft  the 
Italians  are  accuftomed  to  feparate  the  oil  by  expreflion,  by  which  means  they 
preferve  their  natural  agreeable  odour  and  tafte. 

Effential  oils  are  found  in  very  different  proportions  in  the  fubftances  which 
contain  them.  It  is  fcarcely  practicable  to  determine  with  accuracy  the  quantity 
of  oil  yielded  by  each  fubftance;  but  it  is  a very  deferable  thing  even  to  know  the 
proportions  of  them  nearly.  In  this  view,  the  following  table  from  Wiegleb 
may  be  of  ufe,  which  at  leaft  will  furnifli  much  information  to  fuch  as  may  wifli 
to  profecute  the  fubject.. 


TABLE  exhibiting  the  Quantity  of  ETHEREAL  OIL  obtained  from 
different  VEGETABLES. 


Name  of  the  Vegetable.  | Quantity.  | Weight  of  the  Oil.  | Maker  of  the  Experiment* 


Agalloch.um  wood 

— 

io  lb 

4 drachms 

Hoffmann . 

Angelica  root  — 

— 

i lb 

1 drachm 

Cartheufer 

Anifeed  

— 

i lb 

2 drachms 

Neumann 

Aflafcetida  

— 

4 ounces 

1 drachm 

Ditto 

Balm,  common  — 
Turkey  — 

z 

6 bafleets 
dittq 

r drachm  ) 

2 ounces 

Dehne 

Cajaput  feeds  

— 

i Iff' 

1 5 grains 

Dehne 

Calamus  aromaticus 

— 

50  lb 

2 ounces 

Hoffmann 

— 

1 lb 

2 fcruples 

Neumann 

Camomile  flowers,  common 

1 lb 

4 drachm 

Cartheufer 

61b 

5 drachms 

Lewis 

200  bafkets 

1 lb 

Dehne 

Camomile 
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) OIL 

| Weight  of  the  Oil.  jMaker  of  the  F.xperiment. 

. — 

I lb 

20  grains 

Cartheufer 

6 lb 

24  drachms 

Lewis 

30  lb 

; if  ounces 

Dehne 

. — 

4 lb 

2 ounces 

— 

2 lb 

9 drachms  j* 

Lewis 

— 

1 cwt 

83  ounces  J 

— 

1 ounce 

1 fcruple 

Neumann 

— 

fib 

4 ounce 

Dehne 

— 

1 lb 

'24  fcruples 

Neumann 

— 

2 lb 

ii  drachm 

Lewis 

— 

1 lb 

1 drachm 

Cartheufer 

. — 

30  lb 

4 ounces 

Dehne 

— 

1 lb 

4 drachm 

Cartheufer 

— 

30  lb 

4 ounces 

Dehne 

— 

Li  lb 

2 drachms 

MargrafF 



9 lb 

4 drachm 

Neumann 

— 

1 lb 

1 drachm 

Sala 

— 

1 lb 

24  fcruples 

Neumann 

— 

4 lb 

6 drachms 

Lemeri 

— 

1 lb 

2 drachms 

Cartheufer 

— 

1 lb 

8 -fcruples 

Ditto 

— 

3 lb 

4 drachms 

Dehne 

— 

4 lb 

2 drachms 

Lewis 

— 

130  lb 

37  ounces  J 

— 

1 lb 

if  ounce 

Teichmeyer 

— 

1 lb 

24  ounces 

Cartheufer 

— 

2 lb 

5 ounces 

Hoffmann 

— 

2 lb 

3 ounces 

— 

1 lb 

1 oz  6 drach.  ^ 

Dehne 

— 

1 lb 

24  ounces  > 

— 

1 lb 

2 oz  2 drach.  J 

— 

1 lb 

6 ounces 

Hoffmann 

— 

1 lb 

8 ounces 

Lewis 

— 

1 lb 

1 drachm 

Vogel 

— 

1 lb 

5 drachms 

Ditto 

— 

1 buthel 

21  ounces 

Lewis 

— 

4 lb 

2 ounces 

Ditto 

— ' 

6 batkets 

8 ounces 

Dehne 

— 

1 lb 

30  grains 

Lewis 

— 

2 lb 

3I  fcruples 

Neumann 

— 

12  lb 

3f  drachms 

Dehne 

— 

1 lb 

1 punce 

Neumann 

— 

1 lb 

8 fcruples 

Ditto 

— 

1 buthel 

18  ounces 

Lewis 

— 

1 batket 

2 drachms 

Dehne 

— 

1 lb 

1 drachm 

Cartheufer 

— 

2 lb 

30  grains 

Neumann 

— 

1 lb 

i drachm 

Ditto 

— 

1 lb 

15  grains 

Vogel 

Camomile  flowers,  wild  — 
Roman  — 


Caraway  feeds 


Cardamum  feeds  ■ — 
Cariophilli  Plinii  — 
Carlifle  thiftle  root 

Carrot' feeds  _ 

Cafcarilla  bark  

Caffias  flores  — 

Cedar  wood  

Chervil  leaves  — 
Cinnamon  


Clary  (garden),  the  feeds 

in  flower,  freth 

Cloves  


Dill  feed 


with  the  tops 


Dittany  of  Crete 
Elecampane  root 


dr 


ry 


Elemi  (gum) 

Fennel  feed  (common) 

fweet  — 

Feverfew  flowers  

Galangal  root  

Garlic  root,  frefh  — 

Ginger  

Horfe-radifh  root  ' — 


Copaiba  balfam  — 

Culilabani  cortex 
Cummin  feed  


Horfc- 
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Name  of  the  Vegetable.  J Quantity.  | Weight  of  the  Oil.  Maker  or  the  Experiment. 


Horle-radiih  root 

— 

8 ounces 

1 5 grams 

Neumann 

Hyflop  leaves  

— 

2 lb 

1 * drachm 

Ditto 

— 

i lb 

ditto 

Cartheufer 

— 

i lb 

2 drachms 

Ditto 

— 

2 CWt 

6 ounces  1 

— 

io  lb 

3 drachms  > 

Lewis 

— 

30  lb 

9 drachms  1 

Juniper  berries  

— 

8 lb 

3 ounces 

Hoffmann 

— 

i lb 

3 drachms 

Cartheufer 

— 

48  lb 

[6  ounces  J 

— 

60  lb 

161  ounces  f 

Dehne 

wood 

— 

15  lb 

2 ounces  J 

Lavender,  in  flower,  frefli  — 

48  lb 

12  ounces  1 

- — 

30  lb 

6 1 ounces  [■ 

Lewis 

— 

— 

134  cwt 

60  ounces  J 

— 

2 lb 

4 drachms 

Hoffmann 

• dry 

— 

4 lb 

2 ounces 

Lewis 

— 

2 lb 

1 ounce  I 

4 lb 

3 ounces  j> 

Hoffmann 

broad-leaved. 

dry 

4 ib 

1 ounce  J 

I lb 

1 drachm 

Cartheufer 

Lovage  root  

— 

I lb 

1 drachm 

Ditto 

Mace  

— 

I lb 

5 drachms 

Neumann 

Marjoram  in  flower,  frefli 

— 

85  lb 

34  ounces  ] 

■ — 

13^ lb 

3 f drachms  1 

Lewis 

■ — j 

34  lb 

1 f ounce  J 

leaves,  frefli 

— 

18  f lb 

f ounce  J 

dry 

— 

4 lb 

1 ounce 

Hoffmann 

Mafterwort  root  

— 

1 lb 

J drachm 

Neumann 

Milfoil  flowers  — 

— 

18  bafkets 

4I  ounces 

Dehne 

■ dry  — 

— j 

i4lb 

4 drachms 

Lewis 

Mint  in  flowers,  frefli 

— ! 

6 lb 

\f  drachms 

Ditto 

leaves,  dry  — 

— 

4 lb 

if  ounce 

Hoffmann 

frefli  

— 

30  bafkets 

14  lb 

Dehne 

Mother  of  thyme  — 

45  Ib 

4 drachms 

Ditto 

Myrrh  

1 

1 lb 

2 drachms 

Hoffmann 

1 lb 

3 drachms 

Neumann 

Nutmegs  

i 

1 lb 

1 ounce 

Hoffmann 

— 

1 lb 

1 ounce 

Geoffroy 

— 

1 lb 

f ounce 

Neumann 

— 

1 lb 

4 ounce 

Sala 

• — 

1 lb 

5 drachms 

Cartheufer 

Parflcy  feeds  

— 

2 lb 

1 drachm 

Lewis 

- — leaves,  frefli 

— 

238  lb 

2 ounces 

Ditto 

leaves,  with  the  feeds 

15  bafkets 

1 47  ounces 

Dehne 

Parfnep  feeds  

— 

8 lb 

2 drachms 

Lewis 

Pennyroyal,  in  flower,  frefli 

13  lb 

6 drachms 

Ditto 

Pepper,  black  

— 

2 lb 

ditto 

Ditto 

3Z 

Pepper, 
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Name  of  the  Vegetable. 
Pepper,  black 


Jamaica  — 

Peppermint,  frefh — 

Rhodium  wood  — 


Rofes  — 

Rofemary,  in  flower  — 

leaves  ■ — 


• frefh 

Rue  leaves 


in  flower 


with  the  feeds  — 

Saffron,  oriental  — 

Sage  leaves  — 

in  flower,  frefh  — 

of  virtue,  in  flower  — 

Saflafras  wood  — 


Savin  bark 


Saunders  yellow  — 

Scurvy  grafs,  in  flower,  frefh 

Smallage  feeds  — 

Stachas,  in  flower,  frefh  — 
Thyme,  in  flower,  frefh-  — 

— dry  — 

(lemon)  in  flower,  frefh 


• a little  dried 

Wormwood  leaves,  dry 

Zedoary  root1  
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| Quantity.  J Weight  of  the  Oil.|Makerof  the  Experiment. 


I lb 
i lb 

2f  drachms  3 
3 drachms  J 

Gaubius 

1 lb 

2f  drachms 

Neumann 

1 lb 

4 fcruples 

Cartheufer 

1 ounce 

30  grains 

Neumann 

4 lb 

3 drachms 

Lewis 

1 lb 

3 drachms 

Neumann 

1 lb 
1 lb 

2 drachms  "I 

3 ditto  J 

Sala 

1 lb 
1 lb 

3 ditto  , ) 

4 ditto 

Cartheufer 

1 cwt 

4 ditto  J 

Tachenius 

1 ditto 

1 ounce 

Homberg 

12  lb 

30  grains 

Hoffmann 

1 cwt 

8 ounces 

Lewis 

1 lb 
1 lb 

2 drachms  1 

3 ditto  J 

Sala 

3 lb 

3 f ditto 

Neumann 

1 lb 

\ drachm 

Lewis 

70  lb 

5 ounces 

Cartheufer 

10  lb 
j 10  lb 

2 drachms  J 

4 ditto  j 

Hoffmann 

4 lb 

1 drachm  ~j 

60  lb 

2f  ounces  > 

Lewis 

72  lb 

3 ounces  J 

1 lb 

5 fcruples 

Cartheufer 

34  lb 
27  lb 

if  ounce  ( 

6 drachms  J 

Lewis.' 

1 lb 

1 7 drachm 

Vogel 

6 lb 

if  ounces 

Hoffmann 

6 lb 

2 ounces 

Neumann 

3°  lb 

7 oz  1 drach.  "1 

Dehne 

24  lb 

9 ounces  J 

2 lb 

5 ounces 

Hoffmann 

29  lb 

9 ounces  "1 

Define 

32  lb 

7 ounce  J 

1 lb 

2 drachms 

Cartheufer 

6 bafkets 

6 drachms 

Dehne 

1 lb 

10  grains 

Neumann 

5 \ 1fb 

2 drachms 

Lewis 

2 cwt 

57  ounces 

3flb 

14  drachm 

51  lb 

1 f ounces 

Lewis 

98  lb 

27  ounces 

104  lb 

3 ounces  - 

4 lb 

1 ounce 

Lewis 

18  lb 

1 f ounce 

j.  lb 

1 drachm 

Neumann 

7 lb 

1 ounce 

Dehne 

Whea 
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When  the  quantity  of  oil  inherent  in  any  particular  fubftance  is  to  be  afcer- 
tained,  it  cannot  be  done  diredtly  on  the  firft  diftillation,  unlefs  water  were  to  be 
employed  for  this  purpofe,  that  is  already  impregnated  with  oil ; .becaufe  the 
wafer  that  "is  diftilled  from  an  oleaginous  body,  for  the  firfl  time,  always  imbibes  a 
confiderable  portion  of  its  ethereal  oil,  and  thus  renders  the  calculation  erroneous. 

Neither  are  vegetables  impregnated  with  the  fame  quantity  of  oil  at  all  feafons 
of  the  year;  but  herbs  fhould  only  be  applied  to  this  purpofe,  when  they  are  in 
full  bloffom,  and  many  of  them  when  they  are  run  to  feed.  The  roots  are  mod 
impregnated  with  oil  juft  before  they  fend  forth  their  radicles  in  the  fpring,  but 
woods  at  the  beginning  of  the  winter.  The  maceration  of  green  vegetables 
is  needlefs,  and  indeed  rather  detrimental  than  otherwife;  whereas,  on  the  con- 
trary, with  dry  and  folid  bodies  it  may  be  moreufeful,  in  which  cafe  fome  com- 
mon fait  is  added,  in  order  to  prevent  fermentation  taking  place.  When  frefh 
vegetables  poffefs  no  particular  volatile  fmell,  it  is  rather  of  ule  to  let  them  wither 
a little.  Oils  that  yield  a volatile  odour  muff  be  diftilled  over  with  a gentle  heat; 
but,  on  the  other  hand,  fuch  as  at  the  fame  time  are  diftinguiflied  by  a greater 
fpecific  gravity,  require  a fomewhat  ftronger  fire  for  their  diftillation. 

Moft  ethereal  oils,  it  is  true,  fwim  upon  the  water  with  which  they  have  come 
over  in  diftillation  ; there  are  fome,  however,  that  fink  in  it.  The  method  of 
feparating  the  former  is,  firft  to  leave  the  glafs  filled  with  the  oily  water  at  reft: 
for  fome  days,  and  then,  by  fhakingit  gently,  to  bring  the  oil  up  to  the  furface 
of  the  water.  It  may  then  be  taken  off  either  with  a tea  fpoon,  or  with  a fmall 
glafs  fyringe.  The  beft  method,  however,  is  to  convey  it  by  means  of  a Ihort  and 
flender  fkane  of  cotton,  from  the  glafs  in  which  it  is  firft  received,  into  another 
glafs  tied  to  the  upper  part  of  this,  by  which  means,  at  the  fame  time,  all  the 
impurities  which  are  frequently  to  be  found  in  thefe  oils,  adhere  to  the  corton, 
and  the  oil  is  obtained  pure  a.nd  clear.  With  refpedt  to  the  other  fpecies  of  thefe 
oils,  which  fink  to  the  bottom  in  water,  and  are  confequently  heavier  than  water, 
this  latter  fluid  rauft  be  made  heavier  by  another  body;  for  which  purpofe,  nothing 
more  is  neceflhry  to  be  done  than  to  impregnate  the  water  ftrongly  with  common 
fair,  till  jhe  oil  which  lies  at  the  bottom  of  the  veffel  riles  to  the  furface,  from 
whence  it  may  then  be  feparated  in  the  manner  above  mentioned. 

When  effential  oils,  brought  nearer  to  the  refinous  ftate  by  time,  but  not  yet 
entirely  deprived  of  their  peculiar  fmell,  are  diftilled  with  the  heat  of  boiling 
water,  a part  of  them  rifes  in  diftillation,  which  has  all  the  properties  of  effenmi 
oil  frefhly  diftilled.  As  this  portion  of  oil  is  renewed  by  this  operation,  it  is 
frequently  praclifed  on  effential  oils,  which  begin  to  be  altered  by  age;  and  this 
fecond  diftillation  is  called  the  rectification  of  effential  oils.  We  find  in  the 
cucurbit,  after  rectification,  the  refinous  portion  of  the  oil,  which  is  no  longer 
capable  of  being  raifed  by  the  heat  of  boiling  water.  This  oily  refiduum  may, 
however,  be  attenuated  by  diftilling  with  a ftronger  heat,  and  even  all  the 
volatility  and  tlunnefs  of  effential  oils  may  be  given  to  it,  as  in  the  oil  of  Dippel, 
as  vvell  as  other  oily  matters,  by  diftillations  fufficiently  repeated.  But  fuch  oils 
have  never  the  peculiar  aromatic  fmell  of  the  original  eifential  oil. 

Effential  oils  are  employed  in  painting,  in  fpirituous  liquors,  ufed  at  the  table 
and  at  the  toilette,  in  perfumes,  and  in  medicine.  As  they  act  very  powerfully, 
fmall  dofes  only  are  given  internally,  as  from  one  drop  to  lour  or  five,  incorpo- 
rated with  fugar,  fo  as  to  form  an  oleo-faccharum,  or  with  other  drugs  in  form  of 
pills. 


OILS  (FETID  EMPYREUMATIC). 

Under  this  name  are  comprehended  all  the  oils  of  vegetable  and  animal  matters 


obtained 
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•©brained  by  diftillation  with  a heat  fnperior  to  that  of  boiling  water;  becaufs 
thefe  oils  have  a difagreeable,  burnt,  or  empyreumatic  fmell. 

From  this  definition  it  is  feen,  that  empyreumatic  oiis  are  not  a diftimftclafs; 
that  they  may  be  very  different  from  each  other,  and  may  have  nothing  in 
common,  but  that  they  are  all  half-burnt;  for  when  any  vegetable  or  animal 
matter  is  expofed  to  a degree  of  heat  fuperior  to  that  of  boiling  water,  all  the 
oils  which  they  contain,  of  whatever  kind  they  may  be,  pafs  in  diftillation;  but 
are  altered,  by  the  fire,  in  their  colour,  fmell,  and  in  many  other  of  their  pecu- 
liar properties.  Befides,  if  the  matter  thus  diftilled  contains  feveral  kinds  of  oils, 
they  are  all  mixed  together  when  they  are  rendered  empyreumatic.  If,  for 
example,  a vegetable  matter  be  diftilled  which  contains  an  oil  that  is  fweet  and 
not  volatile,  and  alfo  an  oil  in  a refinous  ftate,  the  fetid  empyreumatic  oil  ob- 
tained will  be  only  a mixture  of  thefe  two  oils  half- burnt.  The  fame  may  be 
laid  of  animal  matter,  with  regard  to  the  oil  properly  called  animal  oil,  and  to 
the  adipous  oil  which  they  contain. 

No  general  properties,  then,  can  be  eftablifhed  as  belonging  to  empyreumatic 
oils  : they  all  vary  according  to  the  nature  and  proportion  of  the  oils  of  which 
they  are  compofed.  Hence,  in  order  to  know  the  properties  of  any  empyreu- 
matic oil,  it  is  neceflary  previoufiy  to  know  the  kinds  and  proportion  of  oils  con- 
tained in  the  fubftance  from  which  it  has  been  obtained,  and  alfo  the  changes 
fuffered  by  each  of  thefe  oils  from  the  degree  of  heat  requifite  to  render  them 
empyreumatic.  It  will  be  only  neceflary  here  to  obferve,  that  all  empyreumatic 
oils  are  acrid,  and  more  or  lefsfoluble  in  fpirit  of  wine  ; that  the  portion  of  thefe 
oils  which  rifes  firft  in  diftiilationis  always  the  thinneft ; that  by  repeated  diftilla- 
tions  they  may  be  rendered  more  and  more  thin  and  volatile;  and  that  by  a 
fufficient  repetition  of  thefe  rectifications,  they  may  almoft  be  entirely  deprived 
of  their  empyreumatic  fmell,  fo  that  only  a pungent  and  penetrating  fmell  fhall 
remain  ; which  feems  to  be  common  to  all  oils  treated  in  this  manner. 

OILS,  improperly  fo  called.  Many  preparations  were  by  the  ancient  chemifts 
called  oils,  merely  from  their  confidence,  although  in  other  refpeefts  they  were 
entirely  different  from  oil.  Thefe  improper  names  ought  to  be  abolifhed,and  they 
are  accordingly  falling  into  difufe  by  modern  chemifts.  Neverchelefs,  as  they 
are  found  in  moft  chemical  books  in  the  time  of  Lemeri,  and  as  many  of  them 
are  fiti  11  frequently  employ  ed,  we  fhall  explain  in  a few  words  the  chief  of  them. 

OIL  OF  ANTIMONY.  By  this  name  the  butter  of  antimony,  and  fome 
other  folutions  of  antimony  by  acids,  are  called.  See  Antimony. 

OIL  OF  ARSENIC.  This  is  a combination  of  aerated  marine  acid  with 
arfenic,  and  is  made  precifely  in  the  fame  manner  as  butter  of  antimony.  Equal 
parts  of  arfenic  and  of  corrofive  fublimate  are  mixed  and  diftilled  together,  by 
which  a liquor  comes  over  fimilar  to  the  butter  of  antimony.  This  is  a very 
powerful,  but,  at  the  fame  time,  very  dangerous  cauftic.  This  fhews,  that 
arfenic,  like  regulus  of  antimony,  and  feveral  other  metallic  fubftances,  is  ca- 
pable of  decompofing  corrofive  fublimate,  by  feizing  its  acid.  Accordingly, 
mercury  is  revived  in  this  as  in  all  the  fimilar  operations.  Thefe  combinations 
cefemble  the  liquor  of  Libavius,  which  Adet  has  well  explained.  See  Tin. 

OIL  OF  MERCURY.  When  water  is  added  to  a folution  of  mercury  in 
vitriolic  acid  to  form  the  precipitate  called  turbith  mineral,  the  acid  thus  diluted 
ftill  retains  a portion  of  mercury  diflolved,  which  is  properly  a vitriol  of  mercury. 
This  fait,  which  is  cryftallizable,  may  be  obtained  by  evaporating  the  water 
which -keeps  it  diflolved.  When  expofed  to  a moift  air,  it  deliquiates  into  a 
liquor  which  Lemeri  calls  oil  of  mercury. 


Lemeri 
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Lemeri  alfo  gives  the  name  of  oil  of  mercury  to  a folution  of  corrofive  fubli- 
«nafe  in  fpirit  of  wine. 

OLL  OF  LEAD.  This  is  a folution  of  fait  of  lead  in  the  elfential  oil  of  turpen- 
tine. This  fait  is  to  be  put  into  a mattrafs,  and  upon  it  oil  of  turpentine  is  to  be 
poured,  till  it  covers  the  fait  with  a thicknefs  of  fome  fingers,  and  the  whole  is 
to  be  digefted  during  ten  or  twelve  hours.  The  liquor,  fays  Lemeri,  acquires  a 
red  colour.  The  author  dire&s  that  the  folution  fhould  be  concentrated,  by 
■diddling  from  jt  a part  of  the  oil  of  turpentine;  and  he  recommends  it  for  its 
utility  in  cleanfing  and  cicatrifing  ulcers,  particularly  thofe  which  are  putrid. 
This  preparation,  which  Macquer  fays  is  certainly  a.  powerful  antifeptic,  muft 
be  very  proper  for  thefe  purpofes. 

Amongdthe  oils  improperly  fo  called,  this  is  one  of  thofe  to  which  the  name 
of  oil  has  been  with  lead  •impropriety  given;  for  the  bafis  of  it  is  actually  oil, 
and  that  oil  really  keeps  the  lead  in  folution.  Lemeri  affirms,  that  we  may  thus 
-entirely  diffolve  a given  quantity  of  oil  of  turpentine.  This  preparation,  which 
has  only  been  made  for  medicinal  purpofes,  is  intereding  alfo  in  chemidry,  and 
-deferves  a particular  examination. 

OIL  OF  SULPHUR.  Some  chemids  have  given  this  name  to  the  concen- 
trated acid  of  fulphur.  See  Sulphur. 

OIL  OF  TARTAR  BY  DELIQU1UM..  A name  very  frequently  given 
lo  fixed  alkaline  fait  refolved  into  a liquor  by  the  moidure  of  the  air,  or  even  to  a 
folution  of  that  fait  in  water.  This  name  is  unfuitable,  not  only  as  the  liquor  is 
not  of  the  nature  of  oil;  but  alfo  becaufe  a true  oil  of  tartar  is  obtained  by  didil- 
lation  of  tartar.  This  liquor  ought  to  be  called  alkali  of  tartar,  or  liquid  vege- 
tablealkali.  See  Alkali  Fixed  Vegetable,  and  Tartar. 

OIL  OF  VENUS.  Lemeri  gives  this  name  to  the  fait  formed  by  the  union 
of  copper  with  the  nitrous  acid,  when  it  is  refolved  into  a liquor  by  the  moidure 
of  the  air.  It  is  a caudic  and  efcharotic,  like  all  other  fimilar  combinations  of 
metallic  matters  with  any  acids  to  which  the  name  of  oil  was  formerly  given. 

OIL  OF  VITRIOL.  This  name  is  very  commonly,  but  improperly,  given 
to  concentrated  vitriolic  acid.  See  Acid  Vitriolic. 

OINTMENT.  A compound  of  oily  or  uncduous  matter,  with  powders  or 
other  fubdances,  made  of  the  confidence  of  butter,  for  medical  ufe. 

OLEO-SACCHARUM.  This  name  is  given  to  a mixture  of  oil  and  fugar, 
incorporated  with  each  other,  to  render  the  oil  more  -eafily  diffufible  in  watery 
liquors.  Sugar  and  all  faccharine  matters  have  in  general  a quality  fomewhat 
faponaceous,  and  confequently  are  capable  of  producing  this  effect  in  fome 
meafure.  Thefe  oleo-faccharums  are  ufed  in  pharmacy,  as  a method  of  admini- 
flering  elfential  and  other  oils; 

OLIBANUM.  Thus,  frankincenfe.  A gum  refin,  the  produdl  of  the 
Juniperus  Lycia  Linn,  brought  from  Turkey  and  the  Ead  Indies,  ufually 
in  drops  or  tears.  The  ancients  didinguifiied  various  forts  of  olibanum, 
as,  i.  Olibanum,  or  thus  mafculum,  melax,  melafon,  tediculatum,  or  the 
pured,  yellowilh-white,  round  tears,  which  were  frequently  joined  two  together. 
2.  Thus  fcemineum,  or  the  yellower  and  more  impure.  3.  Thus  mammofum,  or 
larger  oblong  roundilh  malfes,  fomewhat  refembling  a woman’s  breads.  4.  Thus 
granulofum,  or  fmall  granules.  5.  Thus  corticofum,  or  fuch  malfes  as  have 
pieces  of  the  bark  of  the  tree  adhering.  6.  Thus  orobieum,  or  mica  thuris ; fmall 
fragments,  or  particles  broke  off  in  carriage,  &c.  7.  Manna  thuris.,  the  finer 

dud.  8.  Thus  indicum,  or  large  malfes,  compofed  of  different  coloured  tears, 
white  and  blackdh,  joined  together. 
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At  prefent  only  two  kinds  are  diftingu idled:  the  finer  and  purer  tears  are 
called  olibanum  in  grains;  the  more  impure  fragments  and  mafles,  common 
olibanum,  or  olibanum  in  forts.  The  belt  is  of  a yellow  ifh  white  colour,  folid, 
hard,  and  brittle : when  chewed  fora  little  time,  it  renders  the  fpittle  white, 
and  imprefles  an  unpleafant  bitterilli  tafte;  laid  on  burning  coals,  it  yield  san 
agreeable  fmell. 

Out  of  an  ounce  of  the  pure  tears,  rectified  fpirit  of  wine  diffolved  five  drams 
two  fcruples  and  fix  grains : from  the  remainder,  water  took  up  two  drams  and  five 
grains.  Another  ounce  gave  out  to  water  at  firft  three  drams  and  a fcruple;  and 
afterwards  to  fpirit,  four  drams  thirty-three  grains.  The  indiffoluble  matter,  in 
the  firft  operation,  weighed  twelve  grains;  in  the  other  fourteen.  Both  the  diftilled 
fpirit  and  water  tafted  pretty  ftrongly  of  the  olibanum,  but  nofeparable  oil  could 
be  obtained.  Olibanum  is  accounted  corroborant,  and  fuppofed  to  be  particu- 
larly ferviceable  in  diforders  of  the  head,  ftomach,  and  breaft.  Its  principal  ufe 
is  in  plafters,  unguents,  and  in  fumigations. 

Olibanum  is  not,  in  any  of  its  dates,  what  is  called  thus  or  frankincenfe  in  the 
fhops.  The  common  frankincenfe  is  a folid,  brittle  refin,  brought  to  us  in  little 
globes  -or  mafles,  of  a brownifli  or  yellowifh  colour  on  the  outfide,  internally 
whitifh  or  variegated  with  whitifh  fpecks ; of  a bitterifti,  acrid,  not  agreeable 
tafte,  without  any  confiderable  fmell.  It  is  fuppofed  to  be  the  produce  of  the 
pine  tree,  which  yields  the  terebinthina  communis;  and  to  concrete  on  the  fur- 
face  of  the  terebinthinatejuice  foon  after  it  has  iflued  from  the  plant. 

OLIVES.  The  oil  of  this  fruit  is  well  known  ; it  is  obtained  by  expreflion. 
The  procefs  ufed  in  the  South  of  France,  asdefcribed  by  Chaptal,  is  very  Ample. 
The  olive  is  crufhed  by  a mill  ftone,  placed  vertically,  rolling  upon  an  horizon- 
tal plane.  The  pafte  thus  formed  is  ftrongly  prefled  in  a prefs;  and  the  firft  oil 
which  comes  out  is  called  virgin  oil.  The  marc  or  pulp  is  then  moiftened  with 
boiling  water  ; the  mafs  is  again  prefled  ; and  the  oil  which  floats  upon  the  water 
carries  with  it  part  of  the  parenchyma  of  the  fruit  and  a great  part  of  the  mucilage, 
from  which  it  is  difficultly  cleared. 

The  difference  in  the  kind  of  olive  produces  a difference  in  the  oil;  but  the 
concurrent  circumftances  likewife  eftablifh  other  differences.  If  the  olive  be  not 
fufficiently  ripe,  the  oil  is  bitter  ; if  it  be  too  ripe,  the  oil  is  thick  and  glutinous. 
The  method  of  extradling  the  oil  has  a very  great  influence  on  its  quality.  Jf  the 
oil-mills  are  not  kept  fufficiently  clean,  the  mill-ftones,  and  all  the  utenfils,  are  im- 
pregnated with  a rancid  oil,  which  cannot  but  communicate  its  flavour  to  the  new 
oil.  In  fome  countries  it  is  ufual  to  lay  the  olives  in  heaps,  and  fuffer  them  to 
ferment  before  the  oil  is  drawm.  By  this  management  the  oil  is  bad;  and  this 
procefs  can  only  be  ufed  for  oil  intended  for  the  lamp  or  for  the  foap-boiler. 

OLLARIS  LAPIS.  See  Lapis  Ollaris. 

ONIONS.  Neumann  examined  this  root;  he  could  not  obtain  any  oil  by 
diftillation  from  twelve  pounds  of  onions  fliced,  and  treated  with  water  in  the 
ufual  manner.  The  water  which  came  over  contained  all  the  adtive  parts  of  the 
onions. 

This  root  contains  much  aqueous  moifture.  It  loft  near  four-fifths  of  its  weight 
by  drying,  and  the  oniors  when  half  dry  fmelt  like  rue. 

An  ounce  of  the  dry  root  yielded  to  Neumann  with  rectified  fpirit  fix  drams  of 
extradt,  and  afterwards  with  water  one  dram  eighteen  grains.  Another  ounce, 
treated  fii ft  with  water,  gave  fix  drams  thirty-five  grains,  and  afterwards  with 
fpirit  half  a dram;  the  indiffoluble  refiduum  weighed  in  the  firft  cafe  two 
fcruples  fixteen  grains,  in  the  latter  eight  grains  more.  The  diftilled  fpirit  is 
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fomewhat  impregnated  with  the  oil  of  the  onion,  difcoverable  rather  by  its  tafte 
than  by  its  fmell ; the  more  fubtile  odorous  parts  having  been  diffipated  in  the 
previous  exficcation.  The  fpirituous  extract  taftes  ftrongly  of  the  onion  : this 
is  the  ftrongeft  preparation  in  point  of  tafte,  and  the  dittilled  water  in  fmell. — 
This  root,  befides  its  culinary  ufes,  has  been  employed  medicinally,  as  a refol- 
vent  and  diuretic,  in  cachexies,  dropfies,  nephritic  cafes,  &c. 

ONYX.  An  agate  generally  opake,  or  but  Rightly  tranfparent,  confiding  of 
differently  coloured  veins,  parallel  to  each  other,  fometimes  in  ftraight  and  fome- 
times  in  curved  lines. 

OPAL.  Opalus,  psedros  Grsecorum,  the  girafole  of  the  Italians. 

It  is  the  moft  beautiful  of  all  the  flint  kind,  owing  to.  the  changeable  appear- 
ance of  its  colours  by  reflection  and  refraction,  and  mult  therefore  be  defcribed 
under  both  thefe  circumftances. 

Cronftedt  diftinguifhes  two  kinds  of  opal : the  opal  of  Nonnius,  or  the  fange- 
nen  of  the  Indians.  It  lofes  its  colour  and  tranfparency  in  fire;  and  in  other 
refpeCts  is  affeCted  by  it  as  a quartz  or  flint.  It  fufes  with  borax,  though  diffi- 
cultly ; and  its  fpecific  gravity  is  1.900  and  upwards. 

This  opal  appears  olive-coloured  by.  reflection,  and  feems  then  to  be  opake  ; 
but  when  held  againft  the  light,  is. found  tranfparent,  and  of  a fine  ruby  red 
colour.. 

That  opal  is  fuppofed  to  have  been  of  this  kind,  which  Pliny  mentions  in  his 
Natural  Hiftory,  book  xxxvii.  chap.  6,  and  which,  he  fays,  was  in  the  Senator 
Nonnius’s  pofleffion,  who  rather  chofe  to  fuller  banifhment  than  part  with  it  to 
Anthony. 

'This  Rone  was  in  Rome  at  that  time  valued  at  20,000  fefterces.  The  Rone  here 
particularly  defcribed  was  found  in  the  ruins  of  Alexandria  : it  is  about  the  fize 
of  a hazle-nut,  and  was  bought  for  a trifle  of.  a French  drogoman  *■  named 
Roboly,  and  prefented  to  die  French  General  Conful  Lironcourt,  who  after- 
wards offered  it  to  fale  in  feveral  placesYor  the  fum  of  40,000  rix  dollars.  See 
Haflelquift’s  Travels  to  the  EaR,  under  the  article  opal. 

There  is,,  however,  another  of.  the  fame  kind  in  Sweden \ which  by  reflection 
appears  rather  brown;  but  by  refraCtion  it  is  red  with  violet  veins.  2.  The 
white  opal ; its  ground  is  white  of  a.  glafs-like  complexion,  from  whence  are 
thrown  out  green,  yellow,  purple,  and  blutifh  rays;  but  it  is  of  a reddifli  or 
rather  flame-colour*,  when  held  againft  the  light. 

Of  this  white  opal  there  are  three  fpecies.  1 . Of  many  colours,  or  the  oriental 
opal.  2.  Of  a milky  colour,  from  Eibenftock  in  Saxony.  3.  Blueifh  and  femu 
tranfparent : this  is  not  fo  much  valued  as  thofe  which  are,  more  opake,  becaufe 
it  is  eafier  to  be  imitated  by  art. 

Not  only  this,  but  alfo  fome  of  the  other  kinds  of  opals  have  been  well  imi- 
tated by  art,,  there  being  found  compofitions  of  glafs,  which  (hew  very  different 
colours  by  refraction  from  what  appeats  by  reflection.  A curious  ancient  one  of 
this  kind  is  to  be  feen  in  the.royal  abbey  of. St.  Denis,  near  Paris-,  which  is  green  on 
the  outfide,  and  fhevvs  a fine  ruby  colour  when  viewed  againft.  the  lights  Magellan 
makes  mention  of  glafs-paftes,  tome  made,  in  London,  by-  Edward  Delaval, 
I q.  F.  R.  S.  and  fome  others  by  Mr.  More,  Secretary  to  the  Society  of  Aits, 
which  appeared  of  a yellow  brown,  or  other  colour  by  reflection  ; but  when  held 
againft;  the  light,  tranfmitted  a fine  blue,  or  a purple  and.  red  colour,  like 

* That  Is  to  fay,  interpreter  and  broker,  in  Turkey... 
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fapphires,  rubies,  garnets,  hyacinths,  &c.  Wallerius  points  out  the  proper  in- 
gredients to  make  ihefe  paftes. 

The  principal  effeCt  of  the  opal,  namely,  that  of  reflecting  one  colour  and  tranf- 
mitting  another,  is  obfervable  in  a variety  of  coloured,  or  imperfectly  tranfparent 
paftes.  It  is  common  to  all  folids  or  fluids,  on  account  of  their  imperfect  tranfpa- 
rency,  but  is  not  perceived  in  the  greater  number  of  them,  becaufe  a large  mafs 
is  in  general  required  to  intercept  any  confiderable  portion  of  the  rays  of  light. 
Thus  the  fea-vvater  is  blue  by  reflected  light,  and  red  by  tranfmitted,  as  Dr. 
Halley  obferved  in  the  diving  bell.  So  likewife  the  common  colour  of  the  air 
by  reflection  is  blue,  and  this  blue  colour  tinges  the  images  of  diftant  mountains, 
in  the  clear  elevated  regions  of  Switzerland  and  elfewhere  ; but  it  is  red  by  tranf- 
mitted light,  as  is  feen  by  the  colour  of  the  fetting  fun,  or  moon,  and  that  of  the 
rays  which  fall  on  the  clouds  in  the  morning  or  evening,  which  differ  according, 
to  the  length  of  the  portion  of  air  through  which  the  light  paffes.  There  is, 
however,  another  property  of  the  opal,  which  has  not  been  imitated  by  art,  and 
affords  the  chatoyant  effeCt,  or  variation  of  colour  according  to  the  pofition. 
This  feems  to  arife  from  the  foliated  texture  of  the  natural  ftone,  which  may  be 
ftippofed  to  produce  numerous  extremely  minute  fiffures,  in  certain  determinate 
directions.  The  true  opal  may  therefore  be  diftinguifhed  by  this  property  when- 
ever it  appears ; or  more  generally  by  its  hardnefs,  for  none  of  the  artificial  [tones 
refill  the  file. 

The  oculus  mundi,  or  hydrophanes,  is  a curious  fpecies  of  the  opal.  See 
Hydrophanes. 

OPIUM.  On  wounding  the  heads  or  ftalks  of  the  poppy,  a milky  juice 
exudes,  which  exficcated  proves  a fine  kind  of  opium.  In  Natolia,  Cilicia, 
Cappadocia,  in  the  neighbourhood  of  Cairo,  and  in  feveral  other  parts  of  the 
Turkifh  dominions,  poppies  are  cultivated  for  this  ufe  in  fields,  as  corn  among 
us.  The  method  of  collecting  the  juice  by  incifion  is  deferibed  by  Ktempfer,  in 
his  Amoenitates  Exoticae.  This  procefs,  however,  is  now  but  rarely  praCtifed, 
the  confumption  of  this  drug  being  too  great  to  be  fupplie^.  by  that  method  of 
collection.  The  belt  fort  of  the  officinal  opium  is  the  expreffea  juice  of  the  heads, 
or  of  the  heads  and  the  upper  part  of  the  ftalks,  infpiffated  by  a gentle  heat : this 
was  formerly  called  meconium,  in  diftinCtion  from  the  true  opium  or  juice 
which  iffues  fpontaneoufly.  The  inferior  forts  (for  we  find  confiderable  differences 
in  the  quality  of  this  drug)  are  faidto  be  prepared  by  boiling  the  plant  in  water, 
and  evaporating  the  ftrained  decoCtion  ; but  as  no  kind  of  our  opium  will  totally 
diflolve  in  water,  the  juice  is  moft  probably  extracted  by  expreflion.  Neumann 
was  informed  by  fome  Turks  at  Genoa  and  Leghorn,  that  in  fome  places  the 
heads,  ftalks,  and  leaves  are  committed  to  the  prefs  together,  and  that  this 
juice  infpiffated  affords  a very  good  opium. 

On  this  head  Tr.  Lewis  remarks,  that  the  point  has  not,  as  yet,  been  fully 
determined.  It  is  commonly  fuppofed,  that,  whatever  preparations  the  Turks 
may  make  from  the  poppy  for  their  own  ufe,  the  opium  brought  to  us  is  really 
the  milky  juice  collected  from  incifions  made  in  the  heads,  as  deferibed  by 
Ktempfer.  It  is  certain,  that  an  extraCt  made  by  boiling  the  heads,  or  the 
heads  and  ftalks  in  water,  is  much  weaker  than  opium  ; but  it  appears  alfo  that 
the  pure  milky  tears  are  confiderably  ftronger. 

The  principles  feparable  from  opium  are,  a refin,  gum,  a minute  portion 
of  faline  matter,  water,  and  earth.  The  refin  is  of  two  kinds  ; one  more  truly 
refinous,  of  a folid  confidence,  in  its  nature  more  fixed,  and  in  its  operation 
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more  fluggilh ; the  other  fofter  and  thinner,  more  volatile,  and  of  much  more 
fpeedy  and  powerful  adivity.  The  faline  matter  is  of  the  acidulous  kind,  ana- 
logous to  the  effential  falts  of  other  vegetables : its  proportion  is  fo  fmall,  that  it 
is  not  eafily  feparable  in  its  proper  form,  though  it  has  fometimes  happened, 
that  adual  cryftals  have  concreted  in  a watery  folution  of  opium.  The  refin, 
the  gum,  and  the  fait,  are  very  intimately  combined  together,  infomuch  that  all 
the  three  diffolve  almoft  equally  in  water  and  in  fpirit:  it  is  probably  to  the  faline 
principle,  in  this  and  other  vegetables,  that  this  intimacy  of  union  is  in  great  mea- 
sure to  be  afcribed. 

Four  ounces  of  opium,  treated  with  highly  rectified  fpirit  of  wine,  yielded 
three  ounces  and  four  lcruples  of  refinous  extrad,  five  drams  and  a fcruple  of 
indifloluble  impurities  remaining.  On  taking  four  ounces  more,  and  applying 
water  at  firft,  Neumann  obtained  two  ounces  five  drams  and  one  fcruple  of 
gummy  extrad  ; and,  by  digefting  the  refiduum  in  fpirit  of  wine,  three  drams 
and  one  fcruple  ^of  refinous  extrad;  the  indifloluble  part  amounting  here  to 
feven  drams  and  a fcruple.  In  diftillation,  rectified  fpirit  brought  over  little  or 
nothing  •,  but  the  diftilled  water  was  confiderably  impregnated  with  the  particular 
ill  fmell  of  the  opium. 

The  fubtile  foft  kind  of  refinous  matter  difcovers  itfelf  in  great  meafure  in 
the  bare  watery  folution  of  opium,  generally  rifing  to  the  furface  in  form  of  a 
fat,  unduous,  frothy  fubftance.  This  is  the  ftrongeft  and  moft  adive  part  of 
the  opium  ; a few  grains  are  fufficient  to  kill  a dog,  who  could  bear  a whole  dram 
of  crude  opium.  From  a pound  of  opium  we  may  colled  two  or  three  drams  of 
this  balfam-like  fubftance ; but  we  are  not  to  imagine  that  this  is  the  whole  quan- 
tity which  the  opium  contains  : befides  what  thus  fpontaneoufly  feparates,  a part 
remains  combined  with  the  reft  of  the  juice,  and  probably  is  the  principle,  or  the 
dired  feat  of  the  principle,  that  gives  adivity  to  the  whole. 

As  opium  in  fubftance  is  frequently  found  to  be  produdive  of  unfavourable 
confluences,  different  methods  have  been  contrived  for  correding  or  rendering 
it  more  univerfally  fafe.  In  this  enquiry,  every  one  has  proceeded  agreeably 
to  the  idea  he  had  formed  of  the  eompofition  of  opium,  and  endeavoured  to 
counterad  that  principle  in  which  he  imagined  its  adivity  to  confift  : hence  the 
great  variety  of  pretended  corredors.  Thofe  who  afcribed  its  power  to  a vola- 
tile alkaline  fait,  thought  to  mitigate  it  by  acids,  as  fpirit  of  vitriol,  dulcified 
fpirit  of  vitriol,  citron  juice  ; whilft  others,  deducing  its  operation  from  an  acid, 
ufed  alkalies  for  the  corredors.  Some,  prefuming  it  be  of  a cold  nature,  joined  to 
it  hot  fubftances,  as  cinnamon,  pepper,  ginger,  euphorbium,  &c.  Thefe  kinds  of 
additions  accompany  it  in  the  ancient  eleduaries ; and  as  moft  eleduaries  formerly 
received  opium  in  their  eompofition,  opiatum  became  a general  name  for  the 
form  itfelf.  Some,  imagining  opium  to  be  impregnated  with  a narcotic  ful- 
phur,  endeavoured  to  diveft  it  of  that  offending  principle,  by  cutting  it  into 
thin  flices,  and  gently  roafting  it  till  it  began  to  fmell  agreeably  ; others,  afraid 
that  this  degree  of  torrefadion  was  infufficient  for  the  total  diflipation  of  the  ful- 
phur,  had  recourfe  to  a ftronger  heat,  and  deftroyed  the  opium  and  all  its  powers 
by  burning.  On  what  principles  henbane  feeds  and  other  ftupefadive  bodies 
were  joined  to  opium,  it  is  hard  to  guefs. 

Neumann  is  perfuaded  that  the  narcotic  matter  of  opium  is  diffufed  throughout 
its  whole  fubftance;  but  that  it  refides  moft  copioufly,  and  in  the  moft  eminent 
degree,  in  its  finer,  fubtile,  volatile  parts;  that  thefe  parts  are  capable  of  being 
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highly  concentrated  and  exalted  in  theif  power  by  art.  He  aflerts  his  knowledge 
of  a certain  preparation  of  opium,  by  which  a whole  chamber  full  of  men  may 
be  prefently  ftupefied,  and  deprived  of  their  fenfes,  and  even  of  their  lives  alfo* 
without  a fingle  grain  being  fvvallowed;  that  the  narcotic  matter  cannot  be  fepa’- 
rated  in  any  vifible  form,  without  fome  admixture  of  the  other  parts ; that  opium 
cannot  be  totally  freed  from  it,  but  by  a deftru&ion  of  the  opium  itlelf ; that  itr 
operates  nearly  in  the  fame  manner  as  the  vapour  of  burning  charcoal,  or  the 
fubtile  exhalations  from  fermenting  liquors. 

To  diffipate  a part  of  this  fubtile  principle,  and  thus  render  the  opium  more 
mild  and  innocent,  he  recommends  'fermentation.  But  Dr.  Lewis  jollifies  the 
prefhnt  practice  by  remarking,  that  it  is  a point  of  primary  confequence,  in  pre- 
paring a medicine  of  fuch  aftivity  as  opium,  that  it  be  always  made  of  equal 
and  certain  (Length  : fermentation,  if  it  really  weakens  the  power  of  the  opium 
(as  it  probably  does),  muft  for  that  very  reafon  render  its  ftrength  vague,  and  im- 
poflible  to  be  afeertained.  It  does  not  appear  that  the  corrections  of  opium  by, 
fermentation,’  or  other  like  procefles,  do  any  thing  more  than  what  may  be  equally 
effedled  by  a diminution  of  the  dofe. 

This  judicious  obfervation  may  alfo  be  applied  to  the  very  laborious  procefles 
of  Baume  and  others,  who  do  not  feem  to  have  fucceeded  in  producing  any 
fubllance  more  uniform  in  its  operation  than  the  crude  opium. 

OPOBALSAM.  The  mod  precious  of  the  balfams  is  that  commonly  called; 
Opcbalfam,  or  Balm  of  Gilead,  Opobalfamum,  Balfamelreon,  Balfamu'm  verurn, 
album,  iEgyptiacum,  Judaicum,  Syriacum,  Gileadenfe,  e Mecca,  &c.  This  is 
the  produce  of  certain  trees,  which  grew  formerly  in  the  valley  of  Jericho,,  bus 
after  the  conqueft  of  the  Holy  Land  by  the  Turks  were  removed  to  Grand 
Cairo,  where  the  balfam  plantation  is  faid  to  be  now  guarded  by  Janiflaries,  and 
the  refinous  juice  colleded  for  the  Sultan  only. 

The  true  balfam  is  of  a pale  yellowifh  colour,  clear  and  tranfparent,  about  the- 
confidence  of  Venice  turpentine,  of  a ftrong,  penetrating,  agreeable,  aromatic 
fmell,  and  a dightly  bitterifh  pungent  tade : by  age  it  becomes  yellower,  browner* 
and  thicker,  lofing  by  degrees,  like  effential  oils,  fome  of  its  finer  and  more 
fubtile  parrs.  To  fpread,  when  dropt  into  water,  all  over  the  furface,  and  to 
form  a fine,  thin,  rain  bow- coloured  cuticle,  fo  tenacious  that  it  may  be  taken  up 
entire  by  the  point  of  a needle,  were  formerly  infallible  criteria  of  the  genuine 
opobalfam.  Neumann  however  had  obferved,  that  other  balfams,  when  of  a 
certain  degree  of  confidence,  exhibit  thefe  phenomena  equally  with  the 
Egyptian. 

This  balfam,  according  to  Profper  Alpinus,  is  obtained  from  a final!  evergreen 
tree  or  fit  mb,  about  the  lize  of  the  privet  or  cytifus,  with  flexible  branches,  and 
a few  leaves  which  refemble  thofe  of  r.ue,  or  rather  of  the  lentifk-tree,  fet  in 
pairs  along  a middie  rib,  with  an  odd  one  at  the  end.  The  branches  are  covered 
with  two  membranous  thin  barks,  the  oufermod  of  a reddilh-brown  colour,  the 
mner  greenifh  ; the  woody  parr  is  white.  The  flowers  are  of  a purplidi  white 
colour,  in  fliape  like  thofe  of  acacia  : the  fruit  is  a fmall  reddi (la- black  berry, 
containing  yellow  feeds. 

The  wood  is  faid  to'  be  inodorous,  the  bark  fragrant  and  aromatic,  the  flowers 
highly  odoriferous ; the  berries  to  be  odorous,  acrid  and  bitter,  and  to  yield  a 
yellow  liquor  of  the  appearance  of  honey.  The  branches  and  dry  berries  have 
been  fometimes  brought  into  Europe,  and  kept  in  the  fbops  for  medicinal  ufe, 
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tire  former  under  the  name  of  xylobalfamum,  the  latter  of  carbobalfamum-r 
whatever  imell  or  tafte  thefe  fubftances  may  have  when  frefh,  they  have  little  of 
either  as  they  come  to  us. 

The  precious  balfam  exudes  in  very  fmall  quantities,  from  flight  incifions 
made  in  the  bark.  According  to  the  author  above  mentioned,  it  is  at  firft  white, 
of  a very  ftrong  penetrating  fmell  of  the  turpentine  kind,  but  fweeter  and  more 
fragrant,  and  of  a bitter,  acrid,  aftringent  tafte.  It  looks  in  part  turbid  and 
thick,  like  the  oil  newly  exprefled  from  olives  : afterwards  it  grows  extremely 
thin,  limpid  and  light;  its  colour  changes  to  a greenilh,  then  to  a gold  yellow, 
and  by  long  keeping  to  that  of  honey  : it  now  grows  thick  like  turpentine,  and 
lofes  much  of  its  fragrance. 

Inferior  forts  of  balfam  are  faid  to  be  obtained  by  boiling  the  branches  ia 
water : when  the  liquor  begins  to  boil,  a thin  oil  arifes  to  the  furface,  and  on 
continuing  the  co&ion,  a grofler  and  a thicker  one. 

Mr.  Geoffroy  obferves,  that  a folution  of  balfam  of  Gilead  made  in  fpirit  of 
wine,  turns  milky  on  being  poured  into  water,  but  does  not  depofit  any  preci- 
pitate ; and  that  this  mixture  is  ufed  in  France  as  a coftnetic.  He  fays,  an  equal 
quantity  of  oil  of  almonds  is  previoufly  mixed  with  the  balfam;  but  this  in- 
gredient can  be  of  no  ufe,  as  it  totally  feparates  and  falls  to  the  bottom,  whilft 
tlie  balfam  diffolves  in  the  fpirit. 

OPODELDOC.  A folution  of  foap  in  ardent  fpirit,  with  the  addition  of  cam- 
phor and  elfential  oils.  It  is  ufed  externally  againft  rheumatic  pains,  fprains, 
bruifes,  and  other  like  complaints. 

OPOPANAX.  A concrete  gummy  refinous  juice,  obtained  from  the  roots  of 
■an  umbelliferous  plant  (Panax  paftinacre  folio  C.  B.  Paftinaca  opopanax  Lin.) 
which  grows  fpontaneoufly  in  the  warmer  countries,  and  bears  the  colds  of  this. 
The  juice  is  brought  from  Turkey  and  the  Eaft  Indies,  fometimes  in  round  drops 
or  tears,  but  more  commonly  in  irregular  lumps  of  a reddifli-yellow  colour 
on  the  outfide,  withfpecksof  white,  inwardly  of  a paler  colour,  and  frequently 
variegated  with  large  white  pieces.  It  has  a peculiar  ftrong  fmell,  and  a bitter, 
acrid,  fomevvhat  naufeous  tafte.  Its  virtues  are  thofe  of  an  attenuating  and 
aperient  medicine. 

An  ounce  of  opopanax,  treated  with  redtified  fpirit  of  wine,  gave  two  drams 
two  fcruples  and  fix  grains  of  refinous  extradt,  and  afterwards  with  water,  three 
drams  of  gum  ; two  drams  and  a fcruple  remaining  undiffolved.  Another  ounce 
treated  firft  with  water,  yielded  three  drams  two  fcruples  and  fix  grains  of 
gummy  extradt ; and  afterwards,  with  redtified  fpirit,  one  dram  of  refin,  the 
indifibluble  part  amounting  to  three  drams  and  a fcruplc.  Both  the  diftilled 
water  and  fpirit  are  impregnated  with  theftavour  of  the  opopanax;  but  no  adtual 
oil  can  be  feparated,  at  leaft  on  diftilling  fmall  quantities  of  the  juice. 

ORANGE.  The  flowers  of  orange  trees  afford,  by  diftillation,  axvery  fra- 
grant effential  oil.  From  the  rind  of  the  fruit  an  eflential  oil  may  be  obtained  by 
expreflion.  The  juice  of  the  fruit  contains  an  eflential  acid  fait,  mixed  with 
much  mucilage.  This  fait  may  be  obtained  in  cryftals,  by  diluting  the  juice, 
clarifying  it  with  whites  of  eggs,  and  evaporation.  The  juice,  not  depurated 
from  its  mucilage,  is  apt  to  become  mouldy  ; but  by  the  above-mentioned  method 
of  depuration,  a faline  extradl:  may  be  made,  capable  of  being'  preferved,  and 
poffelfed  of  the  fame  medicinal  qualities  as  the  juice,  which  is  faid  to  be  very 
powerful  in  the  fcurvy  ; or  it  may  be  advantageous  to  treat  it  in  the  fame  manner 
as  lemon  juice.  See  Lemojss. 
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The  efiential  oil  may  be  procured  by  preflure  of  the  peeling  againft  an  inclined 
glafs.  In  Provence  and  in  Italy  the  peeling  is  rafped  ; by  which  means  the 
veficles  are  torn,  and  the  oil  flows  into  the  veflel  deftined  to  receive  it  : this  oil 
fuffers  the  parenchyma  which  goes  along  with  it  to  fubfide,  and  becomes  clear 
by  ftanding. 

If  a lump  of  fugar  be  rubbed  againft  thefe  veficles,  it  imbibes  the  volatile  oil* 
and  forms  an  oleo-faccharutn,  foluble  in  water,  and  very  proper  to  give  an  aro- 
matic flavour  to  certain  liquids. 

ORES  are  native  fubftances,  containing  the  metals  in  an  altered  ftate,  in  alL 
cafes  either  combined  with  fome  foreign  fubftance,  which  deprives  them  of  malle- 
ability and  metallic  brilliancy,  or  elfe  fo  intimately  mixed,  that  the  particles 
of  metal  cannot  be  difcerned.  In  all  cafes  wherein  the  metallic  fubftance  is 
clearly  diftinguiftiable,  it  is  not  called  an  ore,  but  a native  metal. 

The  metal  in  moft  ores  is  in  the  ftate  of  calx,  viz.  combined  with  vital  air,, 
according  to  the  modern  theory ; and  moreover  deprived  of  phlogifton,  ac- 
cording to  the  ancient  theory.  When  ores  contain  nothing  but  the  calx  of  the' 
metal  with  the  addition  of  more  or  lefs  fixed  air,  they  are  faid  to  be  calciform; 
but  when  they  are  combined  with  other  fubftances,  they  are  faid  to  be  mine- 
ralized. The  mineralizers  are  either  arfenic  or  fulphur.  Befides  the  mineralizers 
there  are  various  ftony  matters,  which  accompany  ores  in  a certain  peculiar 
way  with  regard  to  cryftallization  and  appearance ; which  has  occafioned  miners 
to  confider  them  as  poflefling  an  affinity  to  the  ore.  This  ftony  accompaniment,, 
of  which  a better  notion  may  be  formed  by  infpeftion  of  ores  than  from  any 
general  defcription,  is  called  the  matrix  of  the  ore.  The  rocks  that  lie  over  the 
veins  are  called  the  roof ; thofe  that  lie  under  them  the  floor,  and  by  fome  the- 
hading.  The  matrix  is  almoft  always  a finer  fpecies  of  (tone  than  the  furround- 
ing rocks,  though  of  the  fame  genus.  Even  the  rocks  themfelves  are  of  a finer 
grain  as  they  approach  the  vein.  There  is  no  matrix  peculiarly  appropriated  to- 
any  metal ; it  has  only  been  remarked,  that  tin  is  generally  found  among  ftones 
of  the  filiceous  genus,  and  lead  very  frequently  among  thofe  of  the  calcareous. 
See  Metallurgy,  and  the  feveral  metals. 

Ores  therefore  confift  *,  1.  of  metallic  fubftances  in  a calcined  or  rather  calci- 
form  ftate  ; or,  2.  of  thefe  fubftances  combined  with  other  matters,  with  which 
they  are  faid  to  be  mineralized. 

Calcined  metallic  fubftances,  or  calciform  ores,  are  metallic  fubftances  de- 
prived of  phlogifton,  and  in  the  ftate  of  a calx,  or  metallic  earth.  See  Calx.. 
Such  are  all  ferruginous  ochres,  which  are  calces  of  iron. 

Mineralized  ores  are, — 1.  Simple,  containing  only  one  metallic  fubftance;. . 
or,  2.  Compound,  containing  two  or  more  metallic  fubftances. 

Of  the  Ample,  and  alfo  of  the  compound  ores,  four  kinds  may  be  diftin- 
guifhed: 

1.  Ores  confifting  of  metallic  fubftances,  mineralized  by  fulphur.  Such  is 
the  lead-ore,  called  galena,  compofed  of  lead  and  fulphur. 

2.  Ores  confifting  of  metallic  fubftances  mineralized  by  arfenic.  Such  is  the 
white  pyrites,  containing  iron  and  arfenic. 

3.  Ores  confifting  of  metallic  fubftances,  mineralized  by  fulphur  and  by 
arfenic.  Such  is  the  red  filver-ore,  containing  filver,  arfenic,  and  fulphur. 

4.  Ores  confifting  of  metallic  fubftances,  mineralized  by  faline  matters. 
Such  are  the  native  vitriols.  Such  alfo  is  probably  the  corneous  filver  ore,  which, 

* The  remainder  of  this  article  is  taken  chiefly  from  Keir’s  Notes  to  Macquer’s  Di&ionary. 
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according  to  Cronftedt,  is  a luna  cornea,  or  filver  combined  with  marine  acid. 
To  this  clafs  alfo  may  be  referred  the  filver  mineralized  by  an  alkaline  fubftance, 
which  Mr.  Von  Jufti  fays  he  has  difcovered. 

Henckel,  and  after  him  Cramer  and  Macqner,  affirm,  that  in  mineralized 
ores,  befides  the  above-mentioned  metallic  and  mineralizing  fubftances,  are  alfo 
contained  a metallic  and  an  unmetallic  earth.  But  Wallerius  affirms,  that  the 
exiftence  of  fiich  earths  cannot  be  fhewn,  and  that  fulphur  is  incapable  of  dif- 
folving  unmetallic  earths,  and  even  the  calces  of  all  metallic  fubftances,  except- 
ing thofe  of  lead,  bifmuth,  and  nickel. 

Metals  and  metalliferous  ores  are  found  in  various  places,- 

I.  They  are  found  underwater,  in  beds  of  rivers,  lakes,  and  Teas,  and  chiefly 
at  the  flexures  of  thefe  : fuch  are  the  auriferous  and  ferruginous  fands,  grains 
of  native  gold,  ochres,  and  fragments  of  ores  wafhed  from  mines. 

II.  They  are  found  diffolved  in  water:  fuch  are  the  vitriolic  waters  contain- 
ing iron,  copper,  or  zinc. 

III.  They  are  found  upon  the  furface  of  the  earth.  Such  are  many  ochres  ; 
metalliferous  ftones,  fands,  and  clays ; and  lumps  of  ores.  Mr.  Gmelin  fays, 
that  in  the  northern  parts  of  Alia  ores  are  almoft  always  found  upon  or  near 
the  furface  of  the  ground- 

IV.  They  are  found  under  the  furface  of  the  earth.  When  the  quantity  of 
thefe  collected  in  one  place  is  confiderable,  it  is  called  a mine. 

Subterranean  metals  and  ores  are  differently  difpofed  in  different  places. 

1 . Some  are  infixed  in  Hones  and  earths,-  forming  nodules  or  fpots  diverfely 
coloured. 

2.  Some  are  equally  and  uniformly  diffufed  through  the  fubftance  of  earths 
and  ftones,  to  which  they  give  colour,  denfity,  and  other  properties.  Such  are 
the  greateft  part  of  thofe  earths,  ftones,  fands*  clays,  cryftals,  flints,  gems, 
and  fluors,  which  are  coloured. 

3.  Some  form  ftrata  in  mountains*  Such  are  the  flates  containing  pyrites,- 
copper-ore,  lead-ore,  filver-ore,  or  blend.  Thefe  lie  in  the  fame  direction  as 
the  ftrata  of  ftones,  betwixt  which  they  are  placed ; but  they  differ  from  the 
ordinary  ftrata  in  this  circumftance,  that  the  thicknefs  of  different  parts  of  the 
fame  metalliferous  ftratum  is  often  very  various ; whereas  the  thicknefs  of  the 
ftony  ftrata  is  known  to  be  generally  very  uniform. 

4.  Fragments  of  ores  are  frequently  found  accumulated  in  certain  fubterranean 
cavities,  in  fiffures  of  mountains,  or  interpofed  betwixt  the  ftrata  of  the  earth. 
Thefe  are  loofe,  unconnected,  frequently  involved  in  clay,  and  not  adherent  to 
the  contiguous  rocks  or  ftrata  immediately,  nor  by  intervention  of  fpar  or  of 
quartz,  as  the  ores  found  in  veins  are.  Tin  and  iron  mines  are  frequently  of  the 
kind  here  defcribed. 

5.  Large  entire  maffes  of  ores  are  fometimes  found  in  the  ftony  ftrata  of 
mountains.  Thefe  are  improperly  called  cumulated  veins,  becaufe  their  length 
relatively  to  their  breadth  and  depth  is  not  confiderable. 

6.  Some  inftances  are  mentioned  of  entire  mountains  confifting  of  ore.  Such 
is  the  mountain  Taberg  in  Smoland ; and  fuch  are  the  mountains  of  Kerunavara 
and  Luofavara  in  Lapland,  the  former  of  which  is  1400  perches  long,  and  100 
perches  broad.  Thefe  mountains  confift  of  iron  ore. 

7.  Laftly,  and  chiefly,  metals  and  ores  are  found  in  oblong  traCts,  forming 
maffes  called  veins,  which  lie  in  the  ftony  ftrata  compofing  mountains. 

The  direction  of  veins  greatly  varies  * fome  being  ftraight,  and  others  curved. 
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Their  pofition  alfo  refpefting  the  horizon  is  very  various ; fome  being  perpen- 
dicular, Tome  horizontal,  and  the  reft  being  of  the  intermediate  degrees  of 
declivity. 

The  dimenfions,  the  quality,  and  the  quantity  of  contents,  and  many  other 
circumftances  of  veins,  are*lalfo  very  various.  Miners  diftinguith  the  feveral 
kinds  of  veins  by  names  expreffive  of  their  differences.  Thus  veins  are  faid  to  be 
deep;  perpendicular;  horizontal,  or  hanging,  or  dilated  ; rich;  poor;  morning, 
noon,  evening,  and  night  veins,  by  which  their  direflion  towards  that  point  of 
the  compafs  where  the  fun  is  at  any  of  thefe  divifions  of  the  natural  day,  is 
fignified. 

Some  parts  of  veins  are  confiderably  thicker  than  others.  Small  veins  fre- 
quently branch  out  from  large  yeins,  and  fometimes  thefe  branches  return  into 
the  trunk  from  which  they  iffued.  Thefe  veins,  from  which  many  imaller  vein's 
depart,  have  been  obferved  to  be  generally  rich. 

Veins  are  varioufly  terminated:  i.  by  a gradual  diminution,  as  if  they  had 
been  compreffed,  while  yet  foft,  by  fuperincumbent  weight,  or  by  Splitting  and, 
dividing  into  feveral  fmaller  veins : or,  2.  they  are  terminated  abruptly,  toge- 
ther with  their  proper  ftrata  in  which  they  lie.  This  abrupt  termination  of  veins 
and  ftrata  is  occafioned  by  their  being  crofted  by  new  ftrata  running  tranfverfely 
to  the  diredion  of  the  former ; or  by  perpendicular  fiflures  through  the  ftrata  ; 
which  fiflures  are  frequently  filled  with  alluvial  matters,  or  with  water,  or  are 
empty.  Thefe  perpendicular  fiflures  feem  to  have  been  occafioned  by  fome 
rupture  or  derangement  of  the  ftratum  through  which  the  vein  paffes,  by  which 
one  part  of  it  has  been  raifed  or  depreffed,  or  removed  afide  from  the  other* 
probably  by  earthquakes.  Where  the  vein  is  terminated  abruptly  it  does  not 
ceafe,  but  is  only  broken  and  disjoined  ; and  is, often  recovered  by  fearching  in 
the  analogous  parts  of  the  oppofite  fide  of  the  deranged  ftratum.  A principal 
part  of  the  art  of  miners  confifts  in  difcovering  the  modes  of  their  derangements 
from  external  marks,  that  they  may  know  where  to  fearch  for  the  disjoined  vein. 

The  contents  of  veins  are  metals  and  metalliferous  minerals,  as  the  feveral 
kinds -of  ores,  pyrites,  blends,  guhrs,  vitriols;  the  feveral  kinds  of  fiuors.,  fpars, 
quartz,  horn-blend,  in  which  the  ores  are  generally  imbedded,  or  inveloped, 
and  which  compofe  the  matrix  of  the  ore;  ftalaftites  ; cryftallizations  of  thefe 
metalliferous  and  ftony  fubftances,  encrufting  the  fmall  cavities  of  the  circum- 
jacent rock ; and  laftly,  water,  which  flows  or  drops  through  crevices  in  that 
rock. 

In  a vein,  ore-s  are  found  fometimes  attached  to  the  rock  or  ftratum  through 
winch  the  vein  runs,  but  more  frequently  to  a matrix  which  adheres  to  the  rock; 
and  fometimes  both  thefe  kinds  of  adhefion  occur  in  the  fame  vein  at  different 
places.  Frequently  between  the  matrix  and  the  rock  a thin  cruft  of  ftone,  or  of 
earth,  is  interpofed,  called  by  authors  the  fimbria  of  the  ore. 

The  matrix,  or  the  ftone  in  which  the  ore  lies  inveloped,  is  of  various  kinds  in 
different  veins.  And  fome  kinds  of  ftone  feem  better  adapted  than  others  to  give 
reception  to  any  ore,  or  to  the  ores  of  particular  metals.  ' Thus  quartz,  fpar, 
fiuors,  and  horn-blend,  give  reception  to  all  ores  and  metajs ; but  Hates  chiefly 
to  copper  and  filver,  and  never  to  tin  ; calcareous  and  fparry  matrices,  to  lead, 
fllver,  and  tin  ; and  mica  to  iron. 

Veins  lie  in  ftrata  of  different  kinds  of  ftone;  but  more  frequently  in  fome 
kinds  of  ftone  than  in  others.  1 hus,  of  the  fun  pie  or  uncompounded  ftones 
which  compofe  ftrata,  fhefoliowing  are  metalliferous  : calcareous  ftones;  fluty  fund 
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ftone-  (cosfiJJUis  arenofus  Walkrtt)  ; feltfpar  ( fpatum  pyrimachum  five  feint  Mans ) ; 
quartz,  fometimes  jafper,  frequently  flates,  and  chiefly  micaceous  or  talky 
ftones,  and  horn  blend  (lapis  corneus  IVallerii ; bolus  indue ata  particulis  fquamofis 
Cronjledf.)  No  veins  have  been  found  in  gypfeous  or  filiceous  ftrata,  though 
cherts  and  flints  frequently  contain  metallic  particles,  and.  fome  inftances  have 
been  obferved  of  ores  of  filverand  tin  inalabafter.  Of  compound  ftones,  thofeare 
faid  to  be  chiefly  metalliferous  which  confift  of  particles  of  hor.i-blend.  Veins 
have  alfo  been  found  in  the  red  granite;  but  feldom,  if  ever,  in  any  other  gra- 
nite, or  in  porphyry.  In  general,  veins  are  more  frequently  found  in  fofc, 
fifllle,  and  friable  ftrata,  than  in  thofe  which  are  compatft  and  hard. 

A vein  fometimes  paffes  from  one  ftratum  into  the  inferior  contiguous  ftra- 
tum.  Sometimes  even  the  veins  of  one  ftratum  do  fo  correfpond  with  $hofe  of  an 
inferior  ftratum,  the  contiguity  of  which  with  the  former  is  interrupted  by  a mafs 
of  different  matter,  through  which  the  veins  do  not  pafs,  that  they  feem  originally 
to  have  been  continued  from  one  ftratum  to  the  other.  Thus,  in  the  mines  of 
Derbyfhire,  where  the  veins  lie  in  ftrata  of  limeftone,  the  contiguity  of  which 
ftrata  with  each  other  is  interrupted  in  fome  places  by  a blue  marie  or  clay,  and 
in  other  places  by  a compound  (tone  called  toadftone,  the  veins  of  one  ftratum 
frequently  correfpond  with  the  veins  of  the  inferior  ftratum  of  lime-ftone  ; but 
are  never  continued  through  the  interpofed  clay  or  toadftone.  But  we  mult 
obferve,  that  thefe  interpofed  maffes,  the  blue  marie,  clay,  and  toadftone,  have 
not  the  uniform  thicknefs  obfervable  in  regular  ftrata,  but  are  (efpecially  the 
toadftone)  in  fome  places  a few  feet  in  depth,  and  in  others  fome  hundreds  of 
yards.  The  above  difpofition  feems  to  indicate,  that  thefe  feveral  ftrata  of 
limeftone  have  been  originally  contiguous ; that  the  veins  now  disjoined  have 
been  once  continued;  that  thefe  ftrata  of  limeftone  have  been  afterwards  fepa* 
rated  by  fome  violent  caufe,  probably  by  the  fame  earthquakes  which  have  in  a 
Angular  manner  fhattered  the  ftrata  of  this  mountainous  country  ; tbat'the  inter- 
faces thus  formed  between  the  feparated  ftrata  have  been  filled  with  fuch  matters 
as  the  waters  could  infinuate,  probably  with  the  mixed  comminuted  ruins  of 
fhattered  ftrata;  or  with  the  lliva  of  neighbouring  volcanos,  9f  which  many 
veftiges  remain. 

To  the  above  hiftorical  fketcli  of  mines  it  may  not  be  improper  to  add  fome 
con;eftural  remarks  concerning  their  formation  : 

Thofe  ores  which  are  found  under  water  (I) ; upon  the  furface  of  the  earth, 
fill) ; in  fiffures  of  mountains  and  fubterranean  cavities,  accumulated,  but  not 
adherent  to  the  contiguous  rocks  (IV);  feem  from  their  loofe,  unconnected* 
bioken  appearances  to  have  been  conveyed  by  alluvion. 

All  martial  ochres  have  probably  been  feparated  from  vitriolic  ferruginous 
waters  (II),  either  fporrtameoufly  or  by  calcareous  earth  ; and  thefe  waters  feem 
to  have  acquired  their  metallic  contents  by  diffolving ; the  vitriol  which  is  pro- 
duced by  the  fpontaneous  decompofition  of  martial  pyrites.  The  ochres  of  cop-! 
per,  zinc,  and  perhaps  of  feveral  other  metals,  have  probably  been  precipitated 
from  vitriolic  waters  by  fome  fubftance,  as  calcareous  earth,  more  difpofed  to 
combine  with  acids;  and  thefe  vitriolic  waters  have  probably  been  rendered 
metalliferous,  by  diffolving  the  vitriols  produced  by  a combuftion  of  cupreous 
pyrites,  and  of  the  ore  of  zinc  called  blend;  for  thefe  minerals  are  not,  as  martial 
pyrites  is,  fufceptible  of  decompofition  fpontaneoufly,  that  is,  by  air  and  moifture. 

The  metalliferous  nodules  and  fpots  (IV.  i.),  feem  to  have  been  infixed  in 
.ftones  while 'thefe  were  yet  foft.  Perhaps  the  metalliferous  and  lapideous  parti.-* 
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-cles  were  at  once  difl'olved  and  fufpended  in  the  fame  aqueous  menftruum,  and 
during  their  concretion  cryftallized  diftin&ly,  as  different  falts  do  when  difl'olved 
in  the  fame  fluid. 

The  earths  and  (tones  uniformly  coloured  by  metals  (IV.  2.)  were  alfo  pro- 
bably in  a foft  ftate  while  they  received  thofe  tinges.  The  opake-coloured  (tones 
feem  to  have  received  their  colour  from  metallic  calces,  mixed  and  diffufed 
through  the  foft  lapideous  fubftance  j and  the  tranfparent-coloured  (tones  have 
probably  received  their  colours  from  vitriolic  falts,  or  from  metallic  particles 
ftiffolved  in  the  fame  water  which  foftened  or  liquefied  the  (tony  fubftance  j 
which  metallic  falts  and  particles  were  fo  much  diffufed,  that  they  could  not  be 
diftindly  cryftallized.  That  all  (tones  have  been  once  liquid  and  difl'olved  in 
water,  apgears  probable  not  only  from  their  regular  cryftallized  forms,  but  alfo 
from  the  folubility  of  fome  (tone,  as  of  gypfeous  and  calcareous  earths  in  water; 
and  from  the  water  which  we  know  is  contained  in  the  hardeft  marbles,  as  well  as 
in  alabafters;  to^vhich  water  thefe  (tones  owe  the  cryftallization  of  their  particles. 

The  veins  called  cumulated  (IV.  5.),  and  the  entire  metalliferous  mountains 
(IV.  6.),  are  believed  by  Wallerius  to  be  analogous  to  the  nodules  (IV.  1.). 
Thefe  metalliferous  fubftances  feem  to  have  been  originally  formed  or  concreted 
in  the  places  where  they  are  found. 

The  metalliferous  ftrata  (IV.  3.)  have  probably  been  infinuated  between  the 
lapideous  ftrata,  after  the  feparation  of  thefe  from  each  other  by  fome  violent 
caufe;  in  the  fame  manner  in  which  it  was  fuppofed  that  the  clay  and  toadftone 
have  been  infinuated  betwixt  the  feveral  ftrata  of  limeftone  in  Derbylhire.  The 
matters  thus  infinuated  may  have  been  either  fluid,  which  would  afterwards  cryftal- 
lize,  and  form  entire  regular  mafles;  or  they  may  have  been  the  ruins  of  (bat- 
tered ftrata,  and  veins  brought  by  waters,  and  there  depofited : in  which  cafe 
they  will  appear  broken  and  irregular.  The  metalliferous  ftrata,  though  fre- 
quently confounded  with  the  horizontal  or  dilated  veins,  may  be  diftinguiftied, 
according  to  Wallerius,  from  thefe  by  the  following  properties: — 1.  They  are 
generally  thinner  and  much  broader  than  the  veins  called  dilated.  2.  They  are 
feldom  found  at  a greater  depth  than  100  perches,  and  generally  in  the  neigh- 
bourhood of  veins,  from  which  they  probably  have  received  their  contents. 
3.  From  their  want  of  the  thin  incruftations  called  fimbrite,  which,  as  has  been 
obferved,  are  frequently  interpofed  betwixt  the  rock  and  the  ore,  or  its  matrix; 
and  from  their  want  of  the  other  properties  of  veins. 

But  in  veins  properly  fo  called  the  ftrongeft  marks  exift  of  ores  having  been 
there  concreted,  and  not  carried  thither  and  depofited  in  their  prefent  ftate. 
Their  regular,  unbroken  appearance,  their  adhefion  to  the  contiguous  rock, 
.either  immediately  or  by  intervention  of  a matrix,  the  regular  appearance  of  this 
matrix  inveloping  the  ore,  the  frequent  cryftallization  of  the  ore,  and  of  the 
other  contents  of  the  vein,  indicate  that  ores,  as  well  as  the  other  lolid  contents, 
have  been  there  concreted  from  a fluid  to  a folid  ftate. 

Moft  authors  believe,  that  veins,  and  the  perpendicular  clefts  in  the  ftony 
ftrata  of  mountains.,  called  fiffures,  have  been  produced  by  the  fame  caufe  ; or, 
rather,  they  confider  veins  only  as  fiflures  filled  with  metalliferous  matters. 
They  further  believe,  that  fiffures  have  been  occafioned  by  t(ie  exficcation  of 
ftrata,  while  thefe  were  pafling  from  a fluid  to  a folid  ftate.  Wallerius  thinks, 
that  fiflures  have  been  formed  from  exficcation;  but  that  veins  were  channels 
made  through  the  ftrata,  while  yet  foft  and  fluid,  by  water,  or  by  the  more 
fluid  parts  of  the  ftrata,  penetrating  and  forcing  a paffage  through  the  more  folid 
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parts.  He  thinks;  that  thefe  fluid  parts  conveyed  thither  their  metalliferous 
and  ftony  contents,  which  were  then  coagulated  or  concreted.  He  fupports  his 
opinion  by  obferving,  that  all  the  veins  of  the  fame  ftratum  generally  run  paral- 
lel to  each  other;  that  they  frequently  bend  in  their  courfe  ; that  the  fame  vein 
as  fometimes  contracted  and  fometimes  dilated  ; that  veins  are  frequently  termi- 
nated by  being  fplit  or  divided  into  inferior  veins ; that  veins  are  frequently 
wider  at  bottom  than  at  top,  whereas  fiflures  are  always  wideft  at  top,  and  are 
very  narrow  below  : all  which  appearances,  he  thinks,  could  not  have  been  pro- 
duced by  exficcation.  From  thefe  reafons,  fiflures  appear  to  have  had  a differ- 
ent, and  from  the  disjunction  and  rupture  of  veins  eroded  by  fiflures,  they  feent 
to  have  had  a later,  origin  than  veins.  Whether  fiflures  could  have  been  pro- 
duced by  the  very  gradual  exficcation  of  thefe  large  mafles,  or  ftrongly  coherent 
matter;  or  whether  they  have  been  produced  by  the  fame  violent  caufes,  namely* 
earthquakes,  by  which  the  ftrata  in  which  fiflures  are  generally  found  have  been 
broken  and  deranged,  and  by  which  metalliferous  mountains  tfyemfelves  have  been 
formed,  or  their  ftrata  raifed  above  their  original  level,  as  fome  others  have  with 
great  probability  conjeClured,  cannot  with  certainty  be  determined. 

Veins  are  feldom,  if  ever,  found  but  in  mountains;  the  reafon  of  which  may  not 
improbably  be,  that  in  metalliferous  mountains  we  have  accefstothe  more  ancient 
ftrata  of  the  earth,  which  in  plains  are  covered  with  fo  many  depofited,  alluvial, 
and  other  later  ftrata,  that  we  can  feldom  if  ever  reach  the  former.  That  thefe 
mountains  confift  of  ftrata  which  have  been  originally  lower  than  the  upper  ftrata 
of  adjacent  plains,  appears  from  an  obfervation  which  has  been  made,  that  the 
ftrata  of  mountainous  countries  dip  with  more  or  lefs  declivity  as  they  approach 
the  plains,  till  they  gradully  fink  under  the  feveral  ftrata  of  thofe  plains,  and 
are  at  laft  immerfed  beyond  the  reach  of  miners.  This  leading  fadl  in  the  natural 
hiftory  of  the  earth  has  been  obferved  by  a fagacious  philofopher,  Mr.  Mitchell, 
in  his  Conjedtures  concerning  Earthquakes,  &c.  Philof.  Tranf.  1760. 

That  the  inferior  ftrata  of  the  earth  contain  large  quantities  of  pyritous,  ful- 
phureous,  and  metalliferous  matters,  appears,  1.  From  the  fubterranean  fires  in 
thofe  inferior  ftrata,  which  produce  volcanos,  and  probably  earthquakes  (as 
Mr.  Mitchell  ingenioufly  conjeftures).  2.  From  the  obfervation,  that  all  kinds 
of  mountains  are  not  equally  metalliferous ; but  that  veins,  efpecially,  are  only 
found  in  thofe  mountains,  which,  being  compofed  of  very  ancient  ftrata;  are 
called  primaeval,  which  form  the  chains  and  extenfive  ridges  on  the  furface  of 
the  earth,  which  direct  the  courfe  of  the  waters,  and  which  confift  of  certain 
ftrata,  the  thicknefs  of  each  of  which,  its  genuine  qualities,  and  its  pofition  re- 
latively to  the  other  ftrata,  are,  in  different  parts  of  the  chain  of  mountains 
where  that  ftratum  is  found,  nearly  uniform  and  alike,  notwithftanding  that  the 
numbers,  and  the  inclinations  of  the  ftrata  compofing  contiguous  mountains,  or 
even  different  parts  of  the  fame  mountain,  are  often  very  various ; and  there- 
fore that  veins  are  feldom,  if  ever,  found  in  the  mountains  called  by  authors 
diluvial  and  temporary,  which  are  Angle,  or  detached,  which  confift  not  of  ftrata 
uniformly  difpofed,  but  of  alluvial  mafles,  in  which  fragments  of  ores  may  be 
fometimes,  but  veins  never,  found.  Neverthelefs,  fingle,  and  feemingly  de- 
tached, mountains  in  fmall  iflands  have  fometimes  been  found  to  be  metalliferous. 
But  we  muft  obferve,  that  thefe  mountains  confift  of  uniform  ftrata;  that  iflands 
themfelves,  efpecially  fmall  iflands,  may  be  confidered  as  eminent  parts  of  tub-, 
marine  ranges  of  mountains;  and  that  the  mountains  of  fuch  iflands  may  be 
of  inferior  mountains.  » 
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Thofe  mountains  are  faid  to  be  moft  metalliferous  which  have  a gentle  afcent, 
a moderate  height,  and  a broad  balls,  the  ftrata  of  which  are  nearly  horizontal, 
and  not  much  broken  and  disjoined.  In  thefe  mountains,  at  leaft,  the  veins  are 
lefs  interrupted,  more  extended,  and  confequently  more  valuable  to  miners  than 
the  veins  in  lofty,  fcraggy,  irregular,  and  Shattered  mountains. 

Authors  difpute  concerning  the  time  in  which  ores  have  been  formed,  fome  re- 
ferring it  to  the  creation  of  the  world,  or  to  the  firfh  fubfequent  ages;  and  others 
believing,  that  they  have  been  gradually  from  all  times,  and  are  now  daily, 
forming.  From  the  accretion  of  ores  ' and  of  their  matrices  to  their  proper  rocks, 
and  from  the  infertion  of  metalliferous  nodules  and  ftrite  in  the  hard  eft  Hones, 
it  feems  moft  probable,  that  the  matter  of  thofe  veins  and  nodules  is  nearly  coeval 
with  the  rocks  and  ftones  in  which  they  are  enveloped.  Neverthelefs,  it  cannot 
be  doubted  but  that  fmall  quantities,  at  leaft,  of  ores  are  ftill  daily  formed  in 
veins,  filfures,  and  other  fubterranean  cavities.  Several  well  attefted  inftances 
confirming  this  opinion  are  adduced  by  authors:  Cronftedt  mentions  an  incruf- 
tatio'n  of  filver  ore  that  was  found  adhering  to  a thin  coat  of  lamp-black,  or  of 
foot,  with  which  the  fmoke  of  a torch  had  foiled  a rock  in  a mine  at  Koningfberg, 
in  Norway;  and  that  this  incruftation  of  filver  ore  has  been  formed  by  a metal- 
liferous water  paffing  over  the  rock.  Lehman  affirms,  that  he  poflefles  fome 
filver  ore  attached  to  the  ftep  of  a ladder,  found  in  a mine  in  the  Hartz,  which 
had  been  abandoned  two  hundred  years  ago;  and  that  feveral  fteps  of  ladders  fimi- 
milarly  incrufted  had  been  found.  Many  other  inftancc"  are  mentioned  by  au- 
thors, of  galena,  pyrites,  filver  ores,  and  other  metalliferous  fubftances  having 
been  found  adhering  to  wood,  to  foffil-coal,  to  ftalaftitical  incruftations,  to 
oyfter  (hells,  and  other  recent  fubftances.  From  thefe,  and  from  fimilar  inftances, 
it  feems  probable,  that  not  only  ochres  and  fragments  of  ores  may,  with  other 
alluvial  matters,  be  now  daily  depofited,  but  alfo  that  fmall  quantities  of  mine- 
ralifed  ores  are  recently  formed  j although  many  hiftories  mentioned  by  Becker, 
Barba,  Henckel,  and  other  authors,  of  the  entire  renovation  of  exhaufted  veins, 
and  efpecially  thofe  of  the  growth  and  vegetation  of  metals  and  of  ores,  appear 
to  be  at  leaft  doubtful. 

Various  opinions  have  been  publifhed  concerning  the  formation  of  mineralized 
ores.  According  to  fome,  thefe  ores  were  formed  by  congelation  of  the  fluid 
mafles  found  in  mines,  called  gurhs.  Other  authors  believe,  that  ores  have  been 
formed  by  the  condenfation  of  certain  mineral,  metallic,  fulphureous,  and  arfe- 
nical  vapours,  with  which  they  fuppofe  that  mines  abound.  Some  have  even 
affirmed,  that  they  have  feen  this  vapour  condenfe,  and  become  in  a few  days 
changed  into  gold,  filver,  and  other  metallic  matters.  It  has  been  above  obferved, 
that  from  feveral  appearances  which  occur  in  veins,  there  is  great  reafon  to  be- 
lieve, that  ores  have  not  been  carried  thither  and  depofited  in  their  prefent  ftate, 
but  have  been  there  concreted  and  cryftallized,  that  is,  changed  from  a fluid  to  a 
folid  ftate.  But  the  fluidity  of  the  metalliferous  matters  at  the  time  of  their  en- 
trance into  veins  may  have  been  occafioned  either  by  their  having  been  diflolved 
in  w ater,  if  they  were  capable  of  fuch  folution,  or  by  their  having  been  raifed  in 
form  of  vapour  by  fubterranean  fires.  For  the  difpofition  to  cryftallize  is  acquired 
by  every  homogeneous  fubftance  that  is  fluid,  whether  it  has  received  its  fluidity 
by  being  melted  by  fire,  or  by  being  diflolved  in  a liquid  menftruum,  or  by 
being  reduced  to  the  ftate  of  vapour.  Thus,  cryftals  of  fulphur  have  been  obferved 
to  be  daily  formed  by  the  fulphureous  vapours  which  exhale  in  the  neighbourhood 
of  volcanoes.  The  volatility  of  the  two  mineralizing  fubftances,  fulphur  and 
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arfenic,  and  the  power  which  volatile  bodies  poffefs  of  elevating  a certain  portion 
of  any  fixed  matter  which  happens  to  be  united  with  them,  render  it  probable, 
that  the  greateft  part  at  lead  of  mineralized  ores  have  been  formed  of  vapours 
exhaled  from  fubterranean  fires,  through  the  cracks  in  the  intervening  ftrata,  oc- 
cafioned  by  thofe  earthquakes  which  have,  in  a fingular  manner,  broken  and  de- 
ranged the  ftrata  of  metalliferous  countries,  and  which,  as  has  been  above 
remarked,  have  been  probably  occafioned  by,  atleaft  have  certainly  been  always 
accompanied  with,  fubterraneous  fire. 

ORES  OF  ANTIMONY.  Antimony  has  been  found  in  the  native  ftate  of 
, a fiver  colour,  and  its  texture  compoled  of  moderately  large,  fhining  plates, 
refembling  the  rcgulus  of  antimony  of  commerce.  It  has  the  fame  habitudes  in 
acids,  and  -aqua  regia  more  particularly  diffolves  it  very  well.  The  folution 
does  not  lofe  its  tranfparency  in  the  cold.  Alkalis  throw  down  a white  precipi- 
tate. The  Prufiian  alkali  affords  a green  precipitate  with  fmall  blue  fpecks, 
which  (hews  the  prefence  of  iron.  In  the  fire,  native  antimony  melts  and  is 
volatilized  in  white  flowers ; but  a fubftance  of  a fat  and  oily  appearance  is 
formed  round  the  fufed  metal  in  much  greater  abundance  than  with  the  pure 
regulus.  Mongez  afferts,  that  this  is  the  calx  converted  into  glafs  of  antimony. 
On  the  firft  impreffion  of  the  heat,  a flight  fmell  of  arfenic  is  emitted,  which 
quickly  difappears.  M.  Sage,  in  faCt,  found  fixteen  per  cent,  of  arfenic  in 
the  native  regulus  from  Allemont,  in  Dauphiny.  If  this  native  ore  be  fufed 
in  a crucible  without  any  reducing  matter,  a very  neat  button  is  obtained,  fuf- 
ceptible  of  cryftallization,  more  brilliant  and  clear  in  its  fradure,  which  exhibits 
larger  plates  than  before. 

The  appearances  of  this  native  metal,  before  the  blow-pipe,  correfpond  with 
thofe  obferved  in  the  larger  procefs.  It  evaporates  in  fmoke  with  a fmell  of  gar- 
lic ; a white  powder  is  depofited  on  the  charcoal,  of  which  the  arfenical  portion 
becomes  black  and  fixed,  on  application  of  the  interior  cone  of  the  flame.  The 
fluxes  acquire  a faint  hyacinth  tinge. 

Mongez  likewife  acquaints  us  with  a native  calx  of  antimony,  obferved  by 
him,  upon  a piece  of  the  native  regulus  from  Chalangez,  in  Dauphiny.  It  is 
ufually  cryftallized  in  very  white,  flender  needles,  in  fome  portions  .confufed 
with  the  plates  of  the  antimony,  and  in  others,  radiated  from  a centre  exadly 
like  the  cryftallized  zeolite.  Thefe  did  not  contain  arfenic. 

The  moft  common  and  abundant  ore  of  antimony  is  known  in  commerce 
fimply  by  the  name  ol  antimony,  and  confifts  of  the  ore  in  combination  with 
fulphur.  It  is  compofed  of  filaments,  or  needles,  adherent  to  each  other,  either 
parallel,  or  divergent  from  a centre.  Thefe  are  friable,  brilliant,  ufually  of  a 
ftiining  metallic  blueifh-gray  colour ; fometimes  of  a lively  chatoyant,  appear- 
ance, according  to  Mongez  ;.but  I think  on  recolledion,  not  having  a fpecimen 
of  the  fort  before  me,  that  thefe  colours,  though  variegated,  do  not  change  their 
pofition  with  the  eye  of  the  obferver,  or  at  leaft  exhibit  none  of  that  internal 
appearance  denoted  by  the  word  chatoyant.  They  fhould  therefore  rather  be 
called  iridefcent. 

When  this  ore  of  antimony  poffeffes  a lefs  determined  internal  ftruCture,  it 
may  be  miflaken  for  the  fmall  grained  lead  ore,  or  white  filver  ore,  or  iron 
glemmer;  but  it  may  be  diftinguilhed  by  the  fmell  of  fulphur  it  exhibits  when’ 
broken  or  rubbed,  and  ftill  more  effectually  by  its  fufibility,  which  is  fuch  that 
it  runs  in  the  flame  of  a candle.  The  fulphur  may  be  eafily  feparated,  and  its 
quantity  afcertained  by  aqua  regia,  which  diffolves  the  metal,  and  leaves  the 
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fulphur  floating  at  the  furface.  The  aqua  regia,  according  to  Kirwan,  ought 
to  confift  of  one  part  nitrous,  and  four  marine  acid. 

The  fpecific  gravity  of  this  ore  of  antimony  is  for  the  moft  part  from  4,000 
to  4,200,  and  after  fufion  from  4,700  to  5,000.  There  are  feveral  varieties:. 
1.  The  gray  ftriated  ore  of  antimony.  2.  Plumous  ore  of  antimony.  This  has 
the  form  of  fmall,  filky,  gray  or  blueifh  filaments,  almoft  always  efflorefcentr. 
There  are  fome  fpecimens  of  a deep  red,  and  of  a pulverulent  reddilh  colour, 
in  prifms  efflorefcent  upon  the  gray  ore.  The  ore  from  Tufcany  is  of  this  kind. 
M.  Sage  confiders  the  red  plumous  ore  of  antimony*  as  a native  golden  fulphur, 
and  the  pulverulent  reddilh  ore  as  a native  kermes  mineral.  3.  The  folid  gray 
ore  of  antimony.  This  is  a uniform  mafs  of  the  colour  of  polilhed  iron  or 
lead,  very  brittle,  and  its  fracture  exhibits  fmall  brilliant  fafcets,  and  fometimes 
filaments.  It  melts  and  is  volatilized  by  the  flame  of  a candle. 

The  fulphureous  ore  of  antimony  urged  by  the  flame  of  the  blow- pipe  is 
liquefied,  flows  on  the  charcoal,  foaks  into  it,  and  at  length  entirely  difappears, 
except  a portion  of  flowers,  which  aredepofited  circularly.  One  hundred  parts 
of  the  ore  contain  twenty-four  parts  of  the  regulus  flightly  calcined,  and  twenty- 
fix  of  fulphur.  For  the  analyfis  in  the  dry  way,  fee  Antimony. 

The  red  ore  of  antimony  has  the  fame  texture  with  the  common  fulphureous 
ore,  but  its  fibres  are  not  fo  coarfe.  Almoft  all  antimonial  ores  contain  arfenic, 
but  the  proportion  in  this  is  more  abundant.  Wallerius  diftinguifhes  three  va- 
rieties found  in  Hungary  and  Saxony,  viz.  the  red,  the  violet,  and  the  pale  red. 

ORES  OF  ARSENIC.  Arfenic  is  found  native  in  Saxony,  Bohemia,  Hun- 
gary, and  elfewhere,  but  particularly  at  St.  Marie  aux  Mines  in  Alfatia.  It 
is  often  found  of  no  determinate  figure,  friable,  and  pulverulent ; but  fometimes 
compact,  divided  into  thick,  convex  plates,  with  a needle-formed  or  micaceous 
furface.  It  is  of  a lead  colour  when  frefti  broken,  and  may  be  cut  with  a knife, 
like  compact  black 'lead,  but  foon  blackens  by  expofure  to  the  air.'  In  hardnefs 
it  feems  to  exceed  copper,  but  is  brittle  like  antimony.  It  burns  with  a fmall 
flame,  and  goes  oft'  in  fmoke.  Cronftedt  fays  nothing  of  the  refidue,  but 
Bergman  remarks  that  he  never  found  native  arfenic  without  iron. 

Native  arfenic  before  the  blow-pipe  takes  fire  emits  a white  fmoke,  covers  the 
charcoal  with  flowers  of  arfenic,  which  quickly  become  black.  A ftrong  fmell 
of  garlic  is  emitted.  If  the  portion  of  iron  it  contains  be  confiderable,  it  re- 
mains on  the  coal ; if  not,  it  difappears.  It  communicates  a yellowifh  colour  to 
the  flux,  which  difappears  in  proportion  as  the  arfenic  is  volatilized. 

Calciform  arfenic  is  in  general  fcarce.  It  is  either  in. a loofe  or  powdery- 
form,  or  elfe  in  white  femi-tranfparent  cryftals.  Like  the  artificial  calx,  it  is 
volatilized  by  heat,  emitting  a fmell  of  garlic,  and  poflefles  the  fame  folubility 
in  water.  See  Arsenic.  It  does  not  detonate  with  nitre,  though  an  effervef-’ 
cence  arifes.  It  is  fcarcely  foluble  in  the  vitriolic  acid,  fomething  more  in  the- 
marine,  but  moft  perfectly  in  the  diluted  nitrous  acid.  Before  the  blow-pipe, 
it  evaporates  in  white  flowers,  which  cover  the  charcoal.  The  peculiar  fmell  of 
garlic  appears  to  be  fufficiently  diftindtive  of  this  femi-metal ; but  Mongez  ob- 
ferves,  as  the  charadteriftic  marks  of  the  refpedtive  flowers  of  arfenic,  antimony,, 
and  zinc,  that  the  firft,  when  diftributed  upon  the  charcoal*  become,  fuddenly* 
black  if  touched  with  the  interior  part  of  the  flame,  the.  feeond  remain  white*, 
and  the  third  become  yellow. 

The  combinations  of  arfenic  with  fulphur  are  either  orpiment  or  realgar 
Thefe  are  alfo  produced  by  art.  See  the  words.  Native  orpiment  is  of  a 
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yellow  colour,  inclining  to  red  in  fome  fpecimens,  and  green  in  others.  It  is 
frequently  mixed  with  yellow  mica  and  fpar,  which  caufe  it  to  appear  as  if  com- 
pounded of  fafcets  of  greater  or  lefs  magnitude.  In  the  fire  its  colour  becomes 
obfcure,  a white  blueifh  flame  appears,  with  a confiderable  mixed  fmell  of  garlic 
'and  fulphur.  By  an  open  fire  it  is  almoft  entirely  volatilized,  and  leaves  only  a 
greenifli  earthy  relidue;  but  in  a clofe  veflel  it  melts,  and  in  cooling  becomes  the 
reddifh  mafs  called  realgar.  It  is  eafily  diftinguilhed  from  artificial  orpiment, 
becaufe  its  figure  is  almoft  always  that  of  finall,  filky,  light  cryftals,  or  granulated. 

Native  realgar  has  got  a more  lively  colour,  and  poflefles  every  degree -of' 
tranfparency,  from  that  of  the  clear  red  cryftals,  called  the  ruby  of  arfenic, 
which  is  compact  and  hard,  to  that  of  perfect  opacity.  Its  habitudes  before  the 
blow-pipe  are  the  fame  as  thofe  of  orpiment. 

Bergman’s  method  of  analyfing  thefeores  confifts  in  digefting  them  in  marine 
acid,  adding  the  nitrous  by  degrees,  to  help  the  folution.  The  fulphur  will  be 
found  on  the  filtre,  and  the  arfenic  will  remain  in  the  folution,  from  which  it 
may  be  precipitated  in  its  metallic  form,  by  zinc,  adding  fpiric  of  wine  to  the 
folution. 

Arfenical  ores,  containing  the  other  metals,  are  in  general  diftinguifhed  by 
their  refpeCtive  denominations.  The  arfenical  pyrites,  or  marcafite,  contains'- 
fulphur  and  iron.  It  is  of  a gray  afh  colour,  inclining  to  blue,  either  folid  or  com-' 
pofed  of  fmall  brilliant  particles.  It  tarnifhes  in  the  air,  gives  fire  with  ft  eel, 
and  emits  a fmell  of  garlic.  Sometimes  it  effervefces  with  the  nitrous- acid,; 
which  partly  diflblves  it.  In  the  fire  it  is-  volatilized,. and  forms  a true  realgar,- 
which  diftinguifhes  it  from  mifpickel,  which  contains  iron  and  acid  without  ful- 
phur, and  might  eafily  be  confounded  with  it.  See  Mispickel,  alfo  Arsenic. 

ORES  OF  BISMUTH.  Bifmuth  is  the  moft  common  of  all  native  metallic 
fubftances.  It  is  generally  found  either  in  cubes  or  oCtagons,  or  of  a dendritical 
form,  or  elfe  in  thin  lamina  inverting  the  ores  of  other  metals,  particularly  thofe 
of  cobalt.  As  it  is  very  fufible,  it  may  eafily  be  extradited  by  expofing  the  mi- 
nerals which  contain  it  to  a gentle  heat.  It  then  exfudes  in  fmall  white  globules, 
the  more  readily  in  proportion  to  its  purity.  It  effervefces  with  nitrous  acid,  form- 
ing a folution  at  firft  milky,  but  which  afterwards  becomes  clear.  It  is  faid  to 
be  fometimes  alloyed  with  fiver,  in  which  cafe,  a feparation  may  eafily  be  made, 
by  adding  water  to  the  nitrous  folution,  which  throws  down  the  bifmuth  in  the. 
form  of  magiftery. 

Calciform  bifmuth  is  found  of  a whitifh  or  greenilh-yellow  colour,  frequently 
upon  the  other  ores  of  bifmuth,  probably  formed  by  decompolition.  It  is  then 
called,  flowers  of  bifmuth,  and  may  be  diftinguifhed  from  the  flowers  of  cobalt 
by  the  red  colour  of  the  latter;  for  the  flowers  of  bifmuth  are  never  red,  nor  be- 
come fo.  This  calx  is  readily  diffolved  in  nitrous  acid,  and  a bifmuth  may  be 
precipitated  by  water. 

The  calx  of  bifmuth  is  reducible  on  the  charcoal  by  the  blow-pipe,  and  melts 
in  the  fpoon.  With  microcofmic  fait  it  affords  a globule  of  a dull  yellow  colour, 
which  becomes  paler  and  rather  more  opake  by  cooling.  With  borax,  a mafs  is 
obtained  in  the  fpoon  which  is  gray  upon  the  charcoal,  and  not  ealily  cleared  of 
fmall  bubbles.  This  glafs  fumes  when  kept  in  a ftate  of  fufion,  and  forms,  a cir- 
cle of  a greenilh-yellow  colour  around  it,  produced  by  the  volatilization  of.  part 
of  the  bifmuth. 

Bifmuth  is  mineralized  by  fulphur.  It  refembles  galena  or  potters’  lead  ore  in 
colour  and  appearance,  is  brittle,  eafily  cut  vvith.a  knife,  and  does,  not  effervefee 
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with  acids,  though  foluble  in  aqua  fortis.  The  folution  is  clear,  and  fometimes 
greenifh.  It  is  faid  to  contain  alfo  cobalt  and  arfenic,  b.ut  Mongez  denies  the 
latter.  It  is  very  fufible,  and  the  fulphur  rnoftly  feparates  in  feorification.  There 
are  two  varieties ; the  one  teffular  like  galena,  from  Baftanes  in  Sweden,  and 
Schneeberg  in  Saxony,  which  is  very  fcarce;  the  other  ftriated,  compofed  of 
fcales  or  fmall  needles,  like  the  fulphureous  ore  of  antimony,  but  does  not  foil 
the  fingers.  It  comes  from  Schneeberg  and  John-Gorgenftadt  in  Saxony. 

Before  the  blow-pipe  this  ore  fpeedily  melts,  and  affords  a blue  flame  with  a 
fmell  of  fulphur,  but  the  perfect  reduction  is  rather  long  and  difficult.  Berg- 
man advifes  to  precipitate  the  bifmuth  with  a fmall  quantity  of  cobalt,  which 
penetrates  the  globule  by  virtue  of  the  fulphur.  The  mafs  then  fwells  up,  and 
produces  a fcoria  divided  into  very  evident  compartments.  This  fcoria,  kept  a 
longer  time  in  the  fire,  emits  globules  of  bifmuth. 

Bifmuth  is  alfo  found  mineralized  with  fulphur  and  iron.  This  ore  is  com- 
pofed of  fmall,  thick,  uniform  fcales,  of  a gray-yellowith  colour  when  recently 
broken,  but  more  yellow  where  it  has  fuffered  expofure  to  the  air.  This  fpecies 
is  more  difficult  to  reduce  than  the  preceding,  on  account  of  the  iron  it  contains. 

Wallerius,  Sage,  and  Rome  de  Lifle,  mention  an  ore  of  bifmuth  mineralized 
with  fulphur  and  arfenic,  which  is  of  a Alining  appearance,  of  a whitilh-yellow, 
or  a(h  colour,  compofed  of  fcales,  in  general  fmall,  hard,  fometimes  giving  fire 
with  a fteel,  not  effervefcent  with  nitrous  acid,  though  partly  foluble.  Mongez 
is  difpofed  to  think  it  merely  the  fulphureous  ore  of  bifmuth,  already  men- 
tioned, but  obferves  that  the  prefence  of  arfenic  cannot  but  fliew  itfelf  by  its  pe- 
culiar fmell  when  heated.  See  Bismuth. 

ORES  OF  COBALT.  Cobalt  has  not  been  found  in  a Hate  of  native  purity., 
but  the  combination  of  this  femi-metal  with  arfenic  and  iron  in  the  metallic  form 
ufually  paffes  for  fuch.  The  quantity  of  iron  is  fmall.  This  ore  is  folid,  hard, 
ponderous,  of  a gray  colour,  more  or  lefs  obfcure,  fometimes  inclining  to  red. 
Its  fradlure  is  granulated,  not  unlike  fome  kinds  of  fteel.  It  commonly  gives 
fire  with  the  fteel,  and  emits  a ftrong  fmell  of  garlic.  In  the  fire  it  becomes 
black.  Nitrous  acid  diflolves  it  with  effervefcence,  which  affords  a fympathetic 
ink  by  the  addition  of  marine  acid.  There  are  two  charadters  which  readily  dif- 
tinguifh  this  mineral  from  the  white  and  gray  ores  of  arfenic.  1.  It  forms  a fym- 
pathetic ink  with  aqua  regia;  and  2.  It  affords  a blue  glafs  with  borax,  whereas 
that  of  the  ore  of  arfenic  is  black.  There  are  two  varieties,  the  one  folid  and 
compadt,  the  other  granulated  and  eafily  broken,  befides  that  its  colour  is  of  a 
reddilh-white,  and  fometimes  a little  hepatic. 

Before  the  blow-pipe  this  ore  firft  emits  a ftrong  fmell  of  garlic,  then  becomes, 
black,  and  melts  into  a fmall  globule  of  the  regulus.  It  gives  a blue  colour  to 
the  fluxes. 

The  calciform  cobalt  is  commonly  found  in  the  earth  mixed  with  arfenic,  iron, 
or  copper;  but  whether  mechanically,  or  more  intimately  combined,  is  doubted 
by  Bergman.  It  is  ufually  of  a gray-black,  but  fometimes  fo  black  that  it  might 
be  taken  for  foot.  It  foils  the  fingers,  and  is  almoft  always  friable  and  pulveru- 
lent. On  breaking  a compadt  fpecimen,  rofe-coloured  fpots  may  frequently  be 
obferved,  refembling  the  flowers  of  cobalt.  It  is  feldom  without  a mixture  of  a 
fmall  portion  of  calx  of  iron.  When  folid,  it  fometimes  has  the  refemblance  and 
.form  of  a vitreous  fcoria,  whence  fome  mineralogies  have  called  it  the  vitreous  ore 
of  cobalt  or  flag.  Thefe  are  free  from  fulphur  and  arfenic.  Cronftedt  compares  the 
friable  ore,  or  cobalt  ore,  to  the  artificial  zaffre.  Mongez  fays  it  contains  clay. 
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Before  the  blow-pipe,  as  the  black  calx  of  cobalt  is  always  mixed  with  ^ fmall 
portion  of  the  red  calx  which  is  arfenical,  it  emits  a flightTmell  of  garlic.  The 
redu&ion  is  very  difficult.  But  it  diflolves  in  borax,  gives  it  a blue  colour,  and 
is  partly  reduced  in  a fmall  metallic  globule,  which  occupies  the  lower  part  of 
the  flux.v 

ORES  OF  COPPER.  Copper  is  not,  according  to  the  opinion  of  Bergman* 
found  native  without  a mixture  of  gold,  filver,  or  iron.  Some  fpecimens,  how- 
ever, nearly  referable  the  refined  copper  iritcolour,  malleability,  and  du&ility. 
Others,  inftead  of  pbflefling  the  reddifh  colour,  are  rather  of  a yellow  or  brown 
colour,  with  green  or  blue  fpots  of  ruft.  It  is  found  in  two  different  forms:  i. 
Solid  native  copper,  which  is  either  cryftallized  or  in  grains,  or  thin  leaves, 
threads  or  dendrites’  adherent  to  different  matrixes,  fuOh  as  calcareous  Hones, 
fpars,  quartz,  petro-filex,  jafper,  fchiftus.  There  are  few  copper  ores,,  according 
to  Mongez,  which  do  not  contain  fome  of  thefe  varieties.  2.  Native  copper  in 
ihe  form  of  fmall  or  imperfe&ly-coherent  grains.  This  copper  appears  to  have  . 
been  depofired  from  vitriolic  waters  by  means  of  iron,  for  which  reafon  it  is 
called  cement  copper. 

Kirwan  diredts  the  humid  affay  of  native  copper  by  nitrous  acid.  The  gold, 
if  it  contains  any,  remains  undiffolved  in  the  form  of  a black  powder,  which 
may  be  taken  up  and  examined  by  aqua  regia.  The  filver  may  be  precipitated 
from  the  nitrous  folution  by  marine  acid,  or  better  by  copper,  and  thc  iron  falls 
down  in  the  form  of  an  infoluble  calx  by  fufficient  ebullition  with  water. 

The  calciform  copper  ores  are  either  of  a red,  blue,  or  green  colour. 

The  red  copper  ore  is  rather  fcarce.  In  fome  fpecimens  it  is  of  a- beautiful 
fed,  or  of  a brown-reddifli  liver  colour,  whence  it  has  obtained  the  name  of  hepatic 
ore.  When  in  a loofe  form  it  is  called  copper  ore  ; but  generally  it  is  moderately 
hard,  though  brittle,  fometimes  cryftallized  and  tranfparent,  either  in  a capillary 
form,  or  in  cubes,  prifms,  or  pyramids.  Mongez  fays,  that  the  moft  common 
form  is  that  of  fine  grains  refembling  the  flowers  of  cinnabar.  It  is  eafily  diftin- 
guilhed  by  its  brightnefs  and  ruddy  colour,  which  approaches  that  of  copper. 
Jt  effervefces  with  acids,  which  diffolve  it  as  well  as  the  other  calciform  ores  of 
copper.  Another  common  chara&er  of  thefe  ores  is,  that  they  blacken  in  a mo- 
derate heat,  to  which  maybe  added,  the  property  of  Affording  a blue  colour 
with  the  volatile  alkali. 

According  to  Fontana,  quoted  by  Kirwan,  a hundred  parts  of  this  ore  contain 
feventy-three  of  copper,  twenty-fix  of  fixed  air,  and  one  of  water.  Bergman 
alfo  found  it  to  contain  fixed  air.  The  brown  or  hepatic  ore  contains  a variable 
proportion  of  iron  or  pyrites,  and  fometimes  fulphurated  copper,  and  hence  af- 
fords from  20  to  50  per  cent,  of  copper.  It  is  often  iridefcent. 

The  blue  calciform  copper  ore  moft  frequently  appears  in  a loofe  form,  though 
fometimes  indurated  and  even  cryftallized,  but  it  is  then  mixed  with  quartz.  *It 
frequently  lines  the  internal  cavities  of  different  matrixes.  When  the  blue^  co- 
lour is  very  lively,  it  is  called  azure  of  copper,  when  paler,  mountain  blue,  and 
when  abounding  with  earthy  matter,  bluechryfocolla.  It  muft  be  confeffed  how- 
ever, that  thefe  terms  are  by  no  means  accurately  applied,  but  taken  for  the  moft 
part  indifcriminately.  Morveau,  in  Memoirs  of  Dijon,  has  inferred  from  ex- 
periment, that  the  calces  of  copper  are  determined  to  a blue  rather  than  to  a 
green  by  a nearer  approach  to  the  metallic  ftate  ; but  on  this  head  fee  Verditer. 

The  green  copper  ore  is  diftinguilhed  by  the  names  mountain  green,  or  green 
chryfocolla.  It  is  found  in  two  ftates,  either  earthy  and  friable,  of  a more  or  lefs 
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<feep  green,  or  elfe  folid  and  cryftallized.  The  moft  beautiful  fpecimen  is  the 
filky  copper  ore,  fo  called  becaufe  its  texture  exhibits  long  fhining  filaments. 

The  folid  green  ore  is  ufually  called  malachite.  See  Mountain  Green, 
Mountain  Blue,  and  Malachite.  * 

Analogous  to  the  calciform  copper  ores,  are  the  lapis  armenus,  and  the  tur- 
quoife,  the  former  of  which  is  a blue  ftone,  that  does  not  admit  of  a polifli,  and 
conlifts  of  calcareous  earth  or  gypfum,  penetrated  with  the  blue  calx  of  copper; 
hence  it  fometimes  effervefces  with  acids,  and  fometimes  not ; but  never  gives  fire 
with  fteel.  It  lofes  its  colour  when  well  heated  in  the  fire.  This  ftone  is  very  dif- 
ferent from  the  lapis  lazuli,  fince  this  laft  contains  no  copper.  See  Lapis  Lazuli* 

The  turquoife  appears  to  be  the  tooth  of  an  animal,  penetrated  with  the  blue 
calx  of  copper.  It  iofes  its  colour  when  over-heated.  It  is  opake,  of  a lamellar 
texture,  and  fufceptible  of  a fine  polifli. 

Its  fpecific  gravity  is  from  2,5  to  2,90s.  Some  are  of  adeep  blue,  fome  of  a 
whitifh  blue,  but  become  of  a deeper  when  heated.  Thefe  ftones  are  found  in 
Perfia  and  in  Turkey,  from  whence  they  received  their  name.  But  they  are  alfo 
found  in  Lower  Languedoc,  in  France,  near  the  village  Simere,  where  thefe 
ftones,  when  dug  out  from  the  mine,  refemble  different  bones,  teeth.  See.  of 
various  fizes;  and  are  whitifh,  grey,  or  yellowifh.  They  receive  the  blue  colour 
on  being  flovvly  heated  to  a high  degree ; but  if  the  fire  be  long  continued  after- 
wards, the  colour  is  irrecoverably  loft. 

Jewellers  divide  this  kind  of  ftones,  or  rather  bony  fubftances,  according  to 
their  fanciful  method,  into  oriental  and  occidental  turquoifes  (fee  Oriental)  ; 
ranging  the  hardeft  and  the  fineft  coloured  under  the  firft  epithet;  and  the  fofteft, 
or  of  an  inferior  colour,  under  the  fecond  denomination.  But,  although  experience 
fhews  the  fallacy  of  fuch  diftindtions  in  a great  many  inftances,  the  old  cuftom 
continues  neverthelefs  to  prevail. 

According  to  Kirwan,  the  blue  coppery  tindture  of  the  turquoifes  may  be 
extradted  from  them  by  diftilled  vinegar  : and  Reaumur  afferts,  that  nitrous  acid 
will  not  diffolve  the  Perfian  turquoifes,  though  it  will  thofe  of  France;  which,  if 
true,  indicates  a real  difference  between  them. 

Bergman  from  Werner  mentions  a copper  ore,  confifting  of  that  metal  mine- 
ralized by  fixed  air,  and  combined  with  clay.  This  is  moft  commonly  fuper- 
ficial  in  fmall  cryftals  of  a beautiful  green,  or  in  fmall  feales,  and  was  formerly 
confidered  as  a variety  of  mica  or  talc.  Nitrous  acid  diffolves  it  very  well,  and 
the  folution  takes  a green  colour.  The  copper  may  be  precipitated  in  the  ufual 
manner.  The  blow-pipe  does  not  fufe  this  ore,  if  the  flame  be  diredted  againft 
its  flat  furface  ; but  if  the  edge  be  attacked,  it  fpeedily  melts  into  a black  icoria. 
With  borax  it  affords  a brown  yellow  glafs,  and  with  microcofmic  fait  a glafs  of 
a fine  grafs  green. 

Copper  mineralized  by  fulphur  is  commonly  denominated  the  vitreous  copper 
ore.  Its  colour  is  red,  brown,  blue  or  violet;  it  is  generally  fo  foft  as  to  be  cut 
with  a knife,  and  fhews  a polifhed  gold-coloured  furface  where  cut.  As  to  form, 
it  is  fometimes  cryftallized  in  regular  figures,  and  fometimes  irregular.  In  its 
fradture  it  often  fhews  violet,  reddifh  and  variable  colours.  It  is  much  more 
fufible  than  pure  copper,  and  may  even  be  melted  by  a candle.  Its  fpecific 
gravity  is  from  2,81  to  5,338.  It  is  found  in  the  mines  of  other  copper  ores, 
and  in  iime-ftone,  fpar,  quartz,  mica,  and  clay;  it  is  the  richeft  of  all  the  copper 
ores,  and  affords  from  80  to  90  per  cent,  of  copper,  10  or  12  of  fulphur,  with  a 
fmall  proportion  of  iron ; the  red  ores  are  the  pooreft,  containing  moft  iron. 
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This  ore  may  be  reduced  with  confiderable  facility  by  the  blow-pipe,  but  it  is 
not  eafy  to  fcorify  and  feparate  the  laft  portions  of  iron  and  fulphur.  To  analyfe 
the  ore,  Mr.  Bergman  advifes  a folution  of  it  in  five  times  its  weight  of  concen- 
trated vitriolic  acid  by  ebullition  to  drynefs,  and  the  fubfequent  addition  of  as 
much  water  as  will  diffolve  the  vitriol  thus  formed.  This  folution  he  precipi- 
tates by  a clean  bar  of  iron,  and  thus  obtains  the  copper  in  its  metallic  form. 
If  the  folution  be  contaminated  with  iron,  he  re-diffolves  the  impure  copper  thus 
obtained,  in  the  fame  manner,  and  fo  procures  a richer  folution  ; which  he  again 
precipitates  with  iron. 

The  azure  copper  ore  differs  from  the  vitreous  ore  only  in  containing  more 
iron,  of  which  the  proportion  is  from  20  to  50  per  cent.  Its  colour  coniifts  of 
various  fliades  of  blue,  or  reddifii  blue.  It  is  as  hard  or  harder  than  the  pre- 
ceding, and  its  frafture  is  reddilh  and  polilhed  like  glafs.  It  is  more  difficultly 
reduced  by  the  blow-pipe,  and  may  be  analyfed  in  the  humid  way  by  the  fame 
treatment. 

The  yellow  copper  ore,  or  copper  pyrites,  contains  a large  proportion  of  iron 
mineralized  with  fulphur.  It  is  fometimes  found  cryftallized,  and  fometimes 
irregularly  formed.  The  cryftallized  fort  contains  the  fmalleft  portion  of  copper, 
which  is  fometimes  fo  trifling  that  the  ore  may  be  confidered  as  a martial  pyrites, 
though  an  experienced  eye  may  difcern  a difference  between  them.  The  copper 
fcarcely  exceeds  40  per  cent,  in  any  of  the  fpecimens.  When  this  metal  is  fuffi- 
ciently  abundant  to  be  wrought  with  profit,  it  may  be  roafted,  and  the  fulphur 
preferved  towards  defraying  the  expences.  The  ffefidue  being  expofed  to  the 
united  aftion  of  air  and  water,  in  a proper  fituation  will  afford  the  vitriol  of 
copper,  which  may  either  be  cryftallized  for  fale,  or  precipitated  by  fragments 
of  old  iron,  as  is  advantageoufly  done  at  the  Paris-mountain  mine  in  the  ifle  of 
Anglefea,  and  elfewhere.  When  rich  in  copper,  it  is  of  a brilliant  yellow 
colour,  fometimes  approaching  to  red;  in  other  famples  it  is  greenifh,  from  the 
admixture  of  thefe  two  colours.  The  colours  are  more  neat  and  lively  at  the 
place  of  frafture,  than  after  expofure  to  the  air,  which  changes  them.  It  is  not 
very  hard,  is  confiderably  brittle,  and  fcarcely  gives  fire  with  the  fteel.  Its  fria- 
bility is  greater,  the  larger  the  proportion  of  fulphur,  and  the  lefs  of  iron.  It 
affords  feveral  varieties:  1.  Yellow  copper  ore,  which  is  folid,  ponderous,  bril- 
liant, and  clofe  in  its  frafture.  2.  The  yellow  ore,  which  though  hard,  has  a 
laminated  frafture  ; this  is  the  moft  common  of  any.  3.  Green  yellowifh  copper 
ore  ; it  contains  the  largeft  portion  of  fulphur,  and  the  leaft  of  iron.  4.  Cryftal- 
lized yellow  copper  ore ; it  is  the  copper  pyrites,  properly  fo  called,  containing 
the  leaft  proportion  of  copper  and  the  moft  of  iron.  When  this  is  met  with  among 
rich  ores,  it  is  thrown  afide  becaufe  of  its  difficult  reduction  and  fmall  produce, 
which  does  not  exceed  four  or  five  pounds  of  copper  in  the  hundred  weight  of 
ore.  Its  colour  varies,  being  fometimes  reddifh,  or  refembiing  a pigeon’s  neck  ; 
when  yellow,  it  is  paler  than  the  firft  variety  here  mentioned.  The  management 
of  this  ore  in  the  analyfis  may  be  gathered  from  what  has  already  been  faid.  It 
may  readily  be  fufed  by  the  blow-pipe  into  a black  matt,  but  it  requires  a con- 
tinuance of  the  heat  for  a long  time  before  the  globule  of  copper  becomes 
difengaged. 

The  grey  copper  ore  appeafs  to  owe  its  charafterto  arfenic,  which  exifts  in  it 
together  with  iron  and  fulphur.  It  fometimes  contains  filver.  The  copper 
amounts  to  between  35  and  60  parts  in  the  hundred. 

The  colour  of  this  ore  is  an  obfeure  or  blackifh  grey : it  is  hard  ; and  the 
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arfenic  it  contains  renders  it  brittle.  In  its  external  appearance  it  greatly  refeni- 
bles  the  vitreous  ore  of  copper,  but  its  colour  is  lefs  bright,  and  inclines  to  yel- 
lowifh  : it  is  not  eafily  cut  with  a knife,  and  in  particular  it  does,  not  take  the 
finning  face  exhibited  by  the  vitreous  ore  when  cut.  It  is  likewife  lefs  rich,  and 
more  difficult  of  reduction.  It  might  with  more  facility  be  confounded  with  the 
grey  lilver  ore,  orfahlerts;  but  Mongez  remarks  that  thefe.  may  be  diftinguiffied 
from  their  fcrapings  or  powder,  which  is  red  in  the  grey  filver  ore,  but  grey  in 
the  copper  ore.  Some  pieces  of  this  ore  contain  no  lilver  at  all,  but  in  general 
thefe  two  ores  differ  only  in  the  quantity  of  filver  and  copper  they  refpe&ively 
contain.  If  the  product  of  lilver  exceed  one  or  two  per  cent,  it  is  called  grey 
lilver  ore,  according  to  Kirwan.  Monnet  diftinguilhes  three  varieties:  1.  Grey 
copper  ore,  improperly  called  vitreous,,  of  a poppy  colour  : this  is  the  richeft. 
2.  Very  hard  copper  ore,  of  which  abundance  is  found  in  the  Hartz.  3.  Grey 
copper  ore  of  the  colour  of  bronze  : this  is  the  pooreft  and  moll  arfenical. 

In  the  treatment  of  thefe  ores  with  the  blow-pipe,  the  arfenic  evaporates;  and  if 
after  the  firft  fulion  the  fmall  globule  be  buffered  to  cool  before  all  the  arfenic  is 
evaporated,  brown  black  flowers  cryftallize  all  round  the  globule.  The  calcina- 
tion muff  be  continued  until  the  globule  fparkles,  and  exhibits  the  metallic  bril- 
liancy of  fufed  copper. 

The  blendofe  copper  ore  contains,  according  to  Kirwan,  pyrites,  blende,  and 
from  18  to  30  percent,  of  copper.  It  is  of  a brown  colour,  and  of  a hard,  folid, 
compact,  granular  texture.  The  analyfis  in  the  humid  way  is  rather  compli- 
cated. The  metals  are  taken  up  by  nitrous  acid,  and  the  copper  precipitated  by 
iron.  The  iron  and  zinc  are  then  to  be  precipitated  from  the  decanted  folutian 
by  Pruffian  alkali.  This  compound  precipitate  muff  be  expofed  to  a calcining 
heat,  then  re-diffoived  in  nitrous  acid,  and  the  fluid  evaporated  to  drynefs. 
Thefe  laft  proceffes  completely  calcine  the  iron,  fo  that  a third  application  of 
nitrous  acid  will  diffolve  the  zinc  only.  The  quantity  of  this  laft  metal  may  be 
known  by  a fecond  precipitation  by  the  Pruffian  alkali.  One  hundred  grains  of 
this  precipitate,  wafhed  and  dried,  are  equivalent  to  20  of  zinc  in  its  me- 
tallic ftate;  and  100  grains  of  the  calcined  iron  are  equivalent  to  73  and  a half  in 
the  metallic  ftate. 

M.  Sage,  quoted  by  Mongez,  mentions  an  antimonial  copper  ore  containing 
arfenic  and  fulphur  as  the  mineralizer.  This  ore  is  grey  like  crude  antimony, 
brilliant  in  its  frafture,  and  fufceptible  of  a blue  and  green  efflorefcence.  From 
the  analyfis  of  this  chemift,  it  contains  20  pounds  of  copper  in  the  quintal,  but 
according  to  that  of  M.  Chabeauffiere,  no  more  than  14.  It  exhibits  the  remark- 
able phenomenon,  that  it  eafily  enters  into  fufion,  but  is  very  long  before  it  is 
decompofed  by  the  fire:  this  circumftance,  no  doubt,  arifes  from  the  antimony 
it  contains. 

The  fchiftofe,  or  fiaty  copper  ore,  confifts  of  the  yellow  cr  green  copper  ores, 
the  pure  calces,  mountain  blue,  and  other  varieties,  difperfed  through  flare  as 
the  matrix,  according  to  Mongez.  But  Kirwan  thinks  it  confifts  of  the  vitreous 
copper  ore,  intimately  combined  with  fchiftus,  and  not  barely  difperfed  through 
it  in  vifible  particles.  It  is  of  a brown  or  black  colour,  of  a lamellar  texture,  and 
very  heavy.  I c affords  from  fix  to  10  per  cent,  of  copper,  and  is  of  difficult 
fufion,  unlefs  lime  ftone  be  added.  It  contains  a little  bitumen,  calcareous  earth, 
and  iron,  as  fchifti  do. 

There  is  a bituminous  copper  ore,  or  pit-coal  containing  copper,  which  is 
found  in  Sweden,  Hungary,  and  Alfatia.  It  takes  fire  without  much  difficulty, 
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fcurns  flowly,  and  leaves  afhes,  from  which  copper  is  extracted.  This  is  probably 
the  fame  fubftance  mentioned  by  Brunnich  on  Cronftedt,  p.  698,  which  is  called 
pitch-ore,  in  the  Bannat  of  Temefwar.  Gellert,  in  his  Metallurgic  Chemiftry, 
mentions  a copper  ore  of  the  colour  of  pitch,  which  refembles  a vitrified  fcoria, 
And  Rafpe  informs  us  that  copper  has  been  found . in  Cornwall  mixed  with  black 
pitchy  rock  oil. 

Copper  is  alfo  obtained  from  waters  in  which  it  is  combined  with  the  vitriolic, 
find  fometimes  marine  acid,  no  doubt  produced  by  the  decompofition  of  fome  of 
the  ores  above  mentioned.  Animal  and  vegetable  fubhances  are  fometimes  found 
penetrated  with  copper. 

I fhall  conclude  this  article  by  inferring  fome  proceffes  for  the  reduction  o£ 
copper  ores  in  the  furnace,  taken  from  Cramer. 

Process  I. 

(Cramer’s  Art  of  AfTaying,  procefs  36.) 

To  reduce  and  precipitate  copper  from  a pure  and  fuftble  ore  in  a clofe  veffel. 

Mix  one,  or,  if  you  have  fmall  weights,  two  docimaftical  centners  of  ore, 
beaten  extremely  fine,  with  fix  centners  of  the  black  flux  ; and  having  put  them 
into  a crucible  or  pot,  cover  them  one  inch  high  with  common  fait,  and  prefs 
them  down  with  your  finger:  but  let  the  capacity  of  the  veffel  be  fuch,  that  it 
may  be  only  half  full ; fliut  the  veffel  clofe,  put  it  into  the  furnace,  heap  coals 
upon  it  fo  that  it  may  be  covered  over  with  them  a few  inches  high  ; govern  the 
fire  in  fuch  a manner,  that  it  may  firft  grow  flightly  red  hot;  foon  after  you  will 
hear  the  common  fait  crackle,  which  will  be  followed  by  a gentle  hiding  noife. 
As  long  as  this  lafts,  keep  the  fame  degree  of  fire  till  it  ceafes.  Then  fuddenly 
increafe  the  fire,  either  with  the  funnel  and  cover  put  upon  the  furnace,  or  with 
a pair  of  bellows  applied  to  the  hole  of  the  bottom  part,  that  the  veffel  may  become 
firongly  ignited.  Thus  you  will  reduce  and  precipitate  your  copper  in  about  a 
quarter  of  an  hour:  then  takeout  the  veffel,  and  ftrike  with  a few  blows  the  pave- 
ment upon  which  you  put  it,  that  all  the  fmall  grains  of  copper  may  be  collected 
into  one  mafs. 

Break  the  veffel,  when  grown  cold,  in  two,  from  top  to  bottom,  as  nearly  as 
you  can  : if  the  whole  procefs  has  been  well  performed,  you  will  find  a folid, 
perfedtly  yellow,  and  malleable  regulus  adhering  to  the  bottom  of  the  veffel, 
with  fcorias  remaining  at  top  of  a brown  colour,  folid,  hard,  and  fliining,  from 
which  the  regulus  mufl  be  feparated  by  feveral  gentle  blows  of  a hammer : when 
this  is  done,  weigh  it,  after  having  wiped  off  all  the  impurities. 

A foft,  dufty,  and  very  black  fcoria  is  a fign  the  fire  was  not  fufficiently  ftrongi 
Small  neat  grains  of  copper  reduced,  but  not  precipitated,  and  adhering  ftill  to 
fcorias,  efpecially  not  very  far  from  the  bottom,  and  an  unequal  and  ramified 
regulus,  are  figns  of  the  fame  thing.  A folid,  hard,  (hining,  red-coloured  fcoria, 
efpecially  about  the  regulus,  or  even  the  regulus  itfelf,  when  Coloured  with  a 
like  fmall  cruft,  are  figns  of  an  excefs  in  the  degree  and  duration  of  the  fire. 

Remarks.  All  the  ores  which  are  eafily  melted  in  the  fire  are  not  the  objedts 
of  this  procefs ; for  they  muft  alfo  be  very  pure.  Such  are  the  vitreous  copper 
ores;  but  efpecially  the  green  and  azure-coloured  ores,  and  the  cseruleum  and 
viride  montanum,  which  are  not  very  different  from  them.  But  if  there  is  a great 
quantity  of  arfenic,  fulphur,  or  of  the  ore  of  another  metal  and  femi-metal,  joined 
to  the  ore  of  copper,  then  you  will  never  obtain  a malleable  regulus  of  pure 
copper,  though  ores  are  not  always  rendered  refradtory  by  the  prefence  of  thefe. 
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Process  IT. 

(Cramer,  procefs  37.) 

To  reduce  and  precipitate  copper'  out  of  ores  rendered  refraElory  by  earth  and  Jlones 
that  cannot  be  wa/hed  off. 

Beat  your  ore  into  amoft  fubtle  powder,  of  which  weigh  one  or  two  centners, 
and  mix  as  much  fandiver  with  them.  This  done,  add  four  times  as  much  of 
the  black  flux  with  refpeft  to  the  ore ; for  by  this  means  the  infufible  terreftrial 
parts  are  better  difpofed  to  fcorification,  and  the  reducing  flux  may  ail  more 
freely  upon  the  metallic  particles,  fet  at  liberty. 

As  for  the  reft,  proceed  as  in  the  laft  procefs : but  you  mud  make  the  fire  a little 
flronger  for  about  half  an  hour  together.  When  the  veftel  is  grown  cold  and 
broken,  examine  the  fcorias,  whether  they  are  in  the  ftate  they  ought  to  be. 
The  regulus  will  be  as  fine  and  duilile  as  the  foregoing. 

Remark.  As  thefe  copper  ores  contain  fcarcely  any  fulphur  or  arfenic,  the 
roafting  would  be  of  no  effeil,  and  much  copper  would  be  loft.  For  no  metallic 
calx,  except  thofe  of  gold  and  filver,  improperly  fo  called,  can  be  roafted  with- 
out fome  lofs  of  the  metal. 

Process  III. 

(Cramer,  procefs  38.) 

To  precipitate  copper  out  of  an  ore*  that  contains  iron. 

Ail  in  every  refpeil  according  to  the  laft  procefs.  But  you  will  find,  after  the 
veftel  is  broken,  a regulus  by  no  means  fo  fine,  but  lefs  dudile,  wherein  the 
genuine  colour  of  the  copper  does  not  perfedlly  appear,  and  which  mull  be 
further  purified. 

Remarks.  The  fire  ufed  in  this  operation  is  not  fo  ftrongas  to  reduce  and  fufe 
iron  alone.  But  copper  difl'olves  iron  in  the  dry  way,  though  of  itfelf  very  refrac- 
tory in  the  fire.  And  for  this  reafon,  while  the  ore  and  the  flux  are  moft  inti- 
mately mixed  and  confounded  by  trituration,  the  greateft  part  of  the  iron  will' 
combine  with  the  copper  in  its  metallic  ftate. 

Process  IV. 

(Cramer,  procefs  39.) 

The  roafting  of  pyr  it  ofeffulphureous,  arfeni  cal,  femi  - metallic  copper  ore. 

Break  two  docimaftical  centners  of  the  ore  to  a coarfe  powder,  put  them  into  a 
teft  covered  with  a tile,  and  place  them  under  the  muffle  of  a docimaftical  fur- 
nace. The  fireanuft  be  fo  gentle,  that  the  muffle  may  be  but  faintly  red-hot ; 
.when  the  ore  has  decrepitated,  open  the  teft,  and' continue  the  fire  for  a few 
minutes ; then  increafe  it  by.  degrees,  that  you  may  fee  the  ore  perpetually  fmok- 
ing  a little  : in  the  mean  time,  it  is  alfo  proper  now  and  then  to  ftir  it  up  with  an 
iron  hook.  The  fhining  particles  will  affume  a dark  red  or  blackifh  colour. 
This  done,  take  out  the  teft,  and  let  it  grow  cold.  If  the  fmall  grains  are  not 
melted,  nor  ftrongly  adherent  to  each  other,  the  procefs  has  been  well  conducted; 
but  if  they  run  again  into  one  fingle  cake,  it  muft  be  repeated  with  another  por- 
tion of  the  ore,  in  a more  gentle  fire. 

When  the  ore  is  grown  cold,  beat  it  to  a powder  fomewhat  finer,  and  roaft  it 
by  the  fame  method  as  before ; then  take  it  out,  and  if  the  powder  is  not  yet 
melted,  beat  it  again  to  a moft  fubtle  powder;  in  this  you  are  to  take  care  that 
nothing  be  loft. 

9 Cramer  flill  means  the  calciform  ores  only,  and  not  the  mineralized  ores  of  copper, 
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Roaft  the  powder  in  a fire  fomewhat  ftronger,  but  for  a few  minutes  only.  If 
you  do  not  then  find  the  ore  in  any  refped  inclined  to  melt,  add  a little  tallow, 
and  burn  it  away  under  the  muffle,  and  repeat  the  operation  till  the  fire  being 
very  bright,  you  no  longer  perceive  any  fulpuhreous,  arfenical,  unpleafant  fmell, 
or  any  fmoke;  and  there  remains  nothing  but  a fine  foft  powder  of  a dark  red, 
or  blackifh  colour. 

Remarks.  Every  pyrites  contains  iron,  with  an  unmetallic  earth,  withful- 
phur,  or  arfenic,  and  moll  commonly  both.  Befides,  as  the  copper  in  pyrites 
is  exceedingly  variable  in  quantity,  their  difpofition  in  the  fire  mull  vary  accord- 
ingly. Forinflance,  the  more' copper  there  is  in  pyrites,  the  more  it  inclines  to 
colliquation.  The  more  fulphur  and  arfenic  it  contains,  the  more  fufible  it  will 
be;  and  the  more  iron  and  unmetallic  earth  it  contains,  the  more  refradory  it 
will  prove  in  the  fire.  If  fuch  pyrites  melt  in  the  roafting,  as  is  the  cafe  with 
fome  of  them,  or  if  they  grow  but  red  hot,  the  fulphur  and  arfenic  become  fo 
ftridly  united  to  the  fixed  part,  that  it  is  almoft  impoffible  to  diffipate  them. 
For  in  this  cafe,  when  the  matter  is  again  reduced  into  a powder,  a much  greater 
time  and  accuracy  are  required  in  the  management  of  the  fire  to  perform  the 
operation.  For  this  reafon,  it  is  much  better  to  repeat  it  with  new  pyrites.  But 
you  mult  roaft  no  more  than  twice  the  quantity  at  once  of  the  ore  you  are  in- 
clined to  employ  in  the  foregoing  experiment ; in  order  that,  if  the  precipitation 
by  fufion  fhould  not  fucceed,  there  may  ftill  remain  another  portion  for  ufe,  in- 
ftead  of  your  being  obliged  to  repeat  a tedious  roafting.  If  you  obferve  the 
figns  of  a ferruginous  refradory  pyrites,  the  operation  mull  be  performed  with  a 
ftronger  fire,  and  with  much  greater  fpeed.  However,  you  muft  be  careful  not 
to  perform  it  with  too  violent  a fire  : for  a large  proportion  of  copper  is  deftroyed 
not  only  by  the  arfenic,  but  by  the  fulphur ; and  this  happens  even  in  veffels 
nearly  clofed,  when  the  fulphur  is  expelled  by  a fire  not  quite  fo  ftrong.  By  re- 
peated and  gentle  fublimation  of  the  fulphur  in  a veflel,  both  very  clean  and 
well  clofed,  this  fad  will  be  clearly  feen. 

When  the  greateft  part  of  the  fulphur  and  the  arfenic  is  difflpated,  you  may 
make  a ftronger  fire : but  then  it  is  proper  to  add  a little  fat.  Cramer  here  accounts- 
for  the  advantage  produced  by  the  fat,  by  obferving,  that  it  diffolves  mineral 
fulphur.  In  fad:,  it  reduces  and  volatilizes  the  laft  portions  of  arfenic,  and  at 
the  fame  time,  as  he  juftly  remarks,  prevents  that  extreme  fcorification  of  the 
copper  which  would  greatly  impede  its  fubfequent  redudion.  Hence  he  adds, 
the  reafon  is  plain,  why  affayers  produce  lefs  metal  in  the  trying  of  veins  of  cop- 
per, lead,  and  tin,  than  fkilful  fmelters  do  in  large  operations.  For  the  former 
perform  the  roafting  under  a muffle,  with  a clear  fire,  and  without  any  oily  re- 
ducing matter;  whereas  the  latter  perform  it  in  the  middle  of  charcoal  or  of  wood, . 
which  conftantly  tend  to  reduce  the  calces. 

The  darker  and  blacker  the  powder  of  the  roafted  ore  appears,  the  more  cop- 
per you  may  exped  from  it.  But  the  redder  it  looks,  the  lefs  copper  and  the 
more  iron  it  affords ; for  roafted  copper  diffolved  by  fulphur,.  or  the  acid  of;  it*, 
is  very  black ; and  iron,  on  the  contrary,  very  red. 

Process  V. 

(Cramer,  procefs  40.) 

<£he  precipitation  of  copper  out  of  roafted  ore  of  the  laft  procefs . 

Divide  the  roafted  ore  into  two  parts,  and  reckon  each  of  them  a centner  : 
add  to  it  the  fame  weight  of  fandiver,  and  four  times  a'  much  of.  the  black  flux, 
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and  mix  them  well  together.  Manage  the  reft  of  the  operation  in  every  refpeft 
according  to  procefs  i.  The  precipitated  regulus  will  be  flightly  malleable,  fome- 
times  brittle,  now  and  then  very  much  like  pure  copper  in  its  colour,  but  fome- 
times  whitifh,  and  even  blackifh.  Whence  it  is  moft  commonly  called  black 
copper,  though  it  is  not  always  of  fo  dark  a colour. 

It  is  eafy  to  conceive,  that  there  is  as  great  a difference  between  the  feveral 
kinds  of  the  metal  called  black  copper,  as  there  is  between  the  pyritofe  and 
other  copper  ores  accidentally  mixed  with  other  metallic  and  femi-metallic 
bodies.  For  all  the  metals,  the  ores  of  which  are  intermixed  with  the  copper 
ores,  being  reduced,  are  precipitated  together  with  the  copper;  which  is  brought 
about  by  means  of  the  black  flux.  Hence,  iron,  lead,  tin,  the  metallic  part  of 
antimony,  biftnuth,  are  moft  commonly  mixed  with  black  copper  in  a variety 
of  different  proportions.  Indeed,  it  is  felf-evident,  that  gold  and  filver,  which  are 
diflolvable  by  all  thefe  matters,  are  colleded  in  fuch  a regulus,  when  they  have 
previoufly  exifted  in  the  ore.  And  moreover,  fulphur  and  arfenic  are  not  always 
entirely  abfent.  For  they  can  hardly  be  expelled  fo  perfedtly,  by  the  many 
preceding  roaftings,  but  there  will  remain  fome  veftiges  of  them,  which  are  not 
cliffipated  by  a fudden  melting,  efpeeially  in  a clofe  veffel,  wherein  the  flux 
fwimming  at  top  hinders  the  a&ion  of  the  air.  Indeed,  arfenic  is  rather  fixed 
by  the  black  flux,  and  affumes  a reguline  femi-metallic  form,  while  it  is  at  the 
fame  time  preferved  from  diffipating  by  the  copper. 

Process  VI. 

(Cramer,  procefs  44.) 

To  reduce  Hack  copper  into  pure  copper  by  fcorification. 

Separate  a fpecimen  of  your  black  copper,  of  the  weight  of  two  docimaftical 
'Centners  at  leaft;  and  perform  this  in  the  fame  manner,  and  with  the  fame  pre- 
■cautions,  as  if  you  would  detedl  a quantity  of  filver  in  black  copper. ' 

Then  with  lute  and  coal-duft  make  a bed  in  the  cavity  of  a moiftened  teftr 
when  this  bed  is  dry,  put  it  under  the  muffle  of  the  docimaftical  furnace,  in  the 
open  orifice  of  which  there  muft  be  bright  burning  coals,  with  which  the  teft 
mutt  likewife  be  on  all  parts  furrounded.  When  the  whole  is  perfeftly  red-hot, 
put  your  copper  into  the  fire  alone,  if  it  contains  lead ; but  if  it  is  entirely  deprived 
of  it,  add  a fmall  quantity  of  glafs  of  lead,  and  with  a pair  of  hand-bellows  in- 
•creafe  th,e  fire,  that  the  whole  may  fpeedily  meltt  this  done,  let  the  fire  be  made 
a little  lefs  violent,  and  fuch  as  will  be  fufficient  to  keep  the  metallic  mafs  well 
melted  ; and  not  much  greater.  The  melted  mafs  will  boil,  and  fcorias  will  be 
produced,  that  will  gather  at  the  circumference.  All  the  heterogeneous  matters 
being  at  laft  partly  diffipated,  and  partly  turned  to  fcorias,  the  furface  of  the 
pure  melted  copper  will  appear.  As  foon  as  you  perceive  this,  take  the  pot  out 
of  the  fire,  and  extinguifh  it  in  water : then  examine  it  in  a balance  ; and  if  lead 
has  been  at'firft  mixed  with  your  black  copper,  add  to  the  regulus  remaining  of 
the  pure  copper,  one  fifteenth  part  of  its  weight  which  the  copper  has  loft  by 
means  of  the  lead  ; then  break  it  with  a vice ; and  thus  you  will  be  able  to  judge 
by  its  colour  and  malleability,  and  by  the  furface  of  it  after  it  is  broken,  whether 
the  purifying  of  it  has  been  well  performed,  or  no.  But  whatever  caution  you 
may  ufe  in  the  performing  of  this  procefs,  the  product  will  notwithftanding  be 
always  lefs  in  proportion  than  what  you  can  obtain  by  a larger  operation,  pro- 
vided the  copper  be  well  purified  in  the  fmall  trial. 

Remarks.  This  is  the  iaft  purifying  of  copper,  whereby  the  feparation  of  the 
3 heterogeneous 
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heterogeneous  bodies,  begun  in  the  foregoing  procefs,  is  completed  as  perfe&ly 
as  it  poffibly  can  be.  For,  except  gold  and  filver,  all  the  other  metals  and 
femi-metals  are  partly  diffipated  and  partly  burnt,  together  with  the  fulphur  and 
arfenic.  For  in  the  fufxon  they  either  turn  of  themfelves  to  fcoria  or  fumes,  or 
this  is  performed  by  means  of  iron,  which  chiefly  abforbs  femi-metals,  fulphur, 
and  arfenic,  and  at  the  fame  time  they  accelerate  its  deftru&ion.  Thus  the 
copper  is  precipitated  out  of  them  pure  : for  it  is  felf-evident,  that  the  unmetallic 
earth  is  expelled,  the  copper  being  reduced  from  a vitrefcent  terreftrial  to  a me- 
tallic ftate ; and  the  arfenic  being  diflipated,  by  means  of  which  the  faid  earth 
has  been  joined  to  the  coarfer  reguli  of  the  Aril1  fufion.  But  there  is  at  the  fame 
time  a conflderable  quantity  of  the  copper  that  mixes  with  the  fcorias,  though  a 
great  part  of  it  may  be  reduced  out  of  them  by  repeating  the  fufion. 

The  fire  in  this  procefs  muft  be  applied  with  all  poflible  fpeed,  to  make  it 
foon  run:  for,  if  you  negled  this,  much  of  your  copper  is  burnt;  becaufe  copper 
that  is  only  red-hot  cleaves  much  fooner,  and  in  much  greater  quantity,  into 
half-fcorified  feales,  than  it  is  diminifhed  in  the  fame  time  when  melted.  How- 
ever, too  impetuous  a fire,  and  one-  much  greater  than  is  neceflaryfor  its  fufion, 
deftroys  a much  greater  quantity  of  it  than  a fire  only  fufficient  to  fufe  it.  For 
this  reafon,  when  the  purifying  is  finifhed,  the  melted  body  muft  be  extinguifhed 
in  water  together  with  the  veflel,  left,  being  already  grown- hard,  it  fhould  Thill 
remain  hot  for  a while;,  which  muft;  be  done  very  carefully  to  prevent  dangerous  • 
explofions. 

The  fcoria  of  the  above  procefs  frequently  contains  copper.  To  extrad  which, 
let  two  or  three  docimaflicafcentners  of  the  fcoria,  if  it  be  charged  with  fulphur, 
be  beat  to  a fubtle  powder,  and  mix  it,  either  alone,  or,  if  its  refradory  nature 
requires  it;  with  fome  very  fufible,  common,  pounded  glafs,  without  a reducing 
faline  flux,  and  melt  it  in  a clofe  veflel,  and  in  a firehavingadraught  of  air;  by 
which  you  will  obtain  a regulus. 

But  when  the  fcoria  has  little  or  no  fulphur  at  all  in  it,  take  one  centner  of  it, 
and  with  the  black  flux  manage  it  as  you  do  the.  fufible  copper  ore- (procefs 
I.)  ; by  which  you  will  have  pure  regulus. 

Process  VII. 

The  following  procefs  is  tranllated  from  Mr.  Gellert’s  Elements  of  EfFaying*. 

To  ejfay  copper  ores . 

Road  a quintal  of  ore  (after  the  manner  defcribed  in  procefs  IV.) ; add  to  it  an 
equal  quantity  of  borax,  half  a quintal  of  fufible  glafs,  and  a quarter  of  a* 
quintal  of:  pitch;  put  the  mixture  in  a crucible,  the  inner  furface  of  which  has 
been  previoufiy  rubbed  with  a fluid  pafte  of  charcoal- dull  and  water;  cover  the 
whole  with  pounded  glafs  mixed  with  a little  borax,  or  with  decrepitated  fea  fait : 
put  a lid. on  the  crucible,  which  you  will  place  in  an  air  furnace,  or  in  a blaft:  - 
turnace  : when  the  fire  fhall  have  extended  to  the  bottom  of  ' the  coals,  let  it  be 
excited  bri/kly. during  half  an  hour,  that  the  crucible  may  be  of  a brilk  red  colour  : 
then  withdraw  the  crucible,  and  when  it  is  cold  break  it : obferve  if  the  fcoria  be 
well  made : feparate  the  regulus,  which  ought  to  be  femi-dudlile,  and  weigh  it. 
This  regulus  is  black  copper,  which  muft  be  purified  as  in  procefs  6.‘ 

If  the  ore  be  very  poor,  and  enveloped  in  much'earthy  and  ftony  matters,  to 
a quintal  of  it,  a quintal  and  a half  of  borax,  a quarter  of  a quintal  of  pitch,  and  ■ 
ten  pounds  of  calx  of  lead  or  minium,  muft  be  added.  The  calx  of  lead  will  be 

* Notes  to  Macquer’s  Dictionary.  Art.  Or.es. 
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revived,  and  will  unite  with  the  fcattered  particles  of  the  copper,  and  together 
with  thefe  will  fall  to  the  bottom  of  the  crucible,  forming  a compound  regulus. 
When  the  ores  of  copper  are  very  rich,  half  a quintal  of  borax  and  a quarter 
of  a quintal  of  glafs  will  be  fufficient  for  the  reduftion.  If  the  ore  is  charged 
with  much  antimony,  a half  or  -three  quarters  of  a quintal  of  clean  iron  filings 
may  be  added  ; otherwife  the  large  quantity  of  antimony  might  deftroy  the  cop- 
per, efpecially  if  the  ore  contained  no  lead.  If  iron  be  contained  in  copper  ore, 
as  in  pyrites,  fome  pounds  of  antimony,  or  of  its  regulus,  may  be  added  in  the 
effay  ; as  thefe  fubftances  more  readily  unite  with  iron  than  with  copper,  and 
therefore  difengage  the  latter  metal  from  the  former. 

ORES  OF  GOLD.  From  the  unchangeablenefs  of  gold  by  the  folvents 
ufually  difengaged  in  nature,  it  is  comparatively  very  feldom  found  but  in  the 
native  (late.  In  this  (late  it  is  never  abfolutely  pure,  but  always  mixed  either 
■with  filver,  copper,  or  iron.  It  is  ufually  found  in  rocks  of  quartz,  always  in 
fmall  particles  or  maffes.  The  fands  of  feveral  rivers  afford  it  in  fmall  plates  or 
leaves.  Moft  great  rivers  carry  gold  with  them,  even  fuch  as  do  not  take  their 
rife  in  mountains  where  gold  is  found.  In  the  fouth  of  France,  in  Tranfylvania, 
and  elfewhere  in  Europe,  this  gold  is  feparated  by  wafhing  off  the  fand ; but  the 
produce  is  not  fufficient  in  general  to  pay  any  rent,  or  employ  capital.  It  merely 
affords  fubfiftence  to  fuch  poor  families  as  apply  to  this  fpecies  of  induftry, 
particularly  after  the  torrents  occafioned  by  heavy  rains.  If  a hundred  pounds  of 
land  contain  twenty-four  grains  of  gold,  it  is  faid  the  reparation  is  worth  attending 
to ; but  in  Africa,  five  pounds  of  fand  often  contain  fixty-three  grains  of  gold. 
The  heavieft  fand,  which  is  often  black  or  red,  yields  moft. 

Daubenton  diftinguifhes  eight  varieties  of  native  gold.  1.  In  powder.  2.  In 
grains.  3.  In  fmall  fpangles.  4.  In  maffes.  5.  In  filaments.  6.  In  branches  like 
vegetables.  7.  In  fmall  plates;  and  8.  In  otftohedral  cryftals. 

Gold  is  found  mineralized  by  fulphur  together  with  iron,  which  is  fuppofed  to 
be  the  connecting  medium.  This  is  the  auriferous  pyrites.  It  is  clofe  and  corn- 
pad,  of  a brighter  and  more  lively  yellow  than  the  ordinary  pyrites ; notwith- 
ftanding  which,  they  are,  as  Mongez  fays,  very  difficult  to  be  diftinguifhed.  The- 
gold  cannot  be  extracted  by  aqua  regia,  or  by  amalgamation,  but  the  laft  men- 
tioned author  gives  the  following  fimple  method  for  this  purpofe  : Take  a fmall 
•quantity  of  this  pyrites,  and  digeft  it  in  the  nitrous  acid.  All  the  foreign  matters 
will  be  diffolved,  except  the  gold  and  fulphur,  which  fall  to  the  bottom.  Wafh 
the  refidue  under  water  till  nothing  more  remains  but  a yellow  brilliant  powder. 
This  is  the  gold.  According  to  M.  Sage,  one  half  as  much  more  gold  is  ex- 
tracted from  the  pyrites  by  this  method,  than  by  treatment  with  lead.  This 
pyrites,  according  to  Cronftedt,  fometimes  contains  an  ounce  of  gold  in  the 
hundred  pounds.  Some  famples  contain  a portion  of  zinc  as  well  as  iron,  and 
even  copper,  which  gives  the  mafs  a greenifh  tinge.  It  is  found  at  Adelfors  in 
Sweden,  in  Hungary,  Mexico,  the  ifland  of  Sumatra,  Switzerland,  and  Dauphiny 
in  France.  Cronftedt  remarks,  that  no  pyrites  ought  to  be  defpifed,  which  are 
found  in  tradls  where  gold  ores  are  obtained.  Brunnich  on  Cronftedt  affirms 
that  the  Tranfylvanian  gold  pyrites,  in  which  no  gold  can  be  difeovered  by  the 
eye,  contained  from  fifty  to  one  hundred  and  ten  ounces,  and  upwards,  in  the 
hundred  weight:  and  that  thofe  where  the  gold  appears  in  the  pyrites  like  mixed 
Spanifh  fnuff,  contained  two  hundred  and  fifty  ounces,  but  they  are  very  fcarce. 

Gold  is  found  in  Hungary  united  with  mercury  and  fulphur.  It  is  the  auri- 
ferous cinnabar. 
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There  is  likewife  a blend  or  ore  of  zinc  found  at  Chemnitz  in  Hungary,  which 
contains  filver  and  gold.  It  is  ufually  of  a red  or  black  colour. 

The  auriferous  ore  of  Nagayac  in  Tranfyl vania  is  mentioned  by  Bergman  as 
a compound  of  gold,  filver,  lead,  and  iron,  mineralized  by  fulphur.  Sage, 
quoted  by  Mongez,  remarks,  that  there  are  few  ores  which  contain  fo  numerous 
an  aflemblage  of  metallic  matters.  For  it  includes  the  red  foliated  and  tranfparent 
blend,  the  fpecular  ore  of  antimony,  copper,  filver,  and  iron.  This  ore  is  of  a 
gray  colour,  moreor  lefs  obfcure,  in  irregular  maffes ; but  fometimes,  alfo,  it  is 
compofed  of  flender,  flexible  leaves  of  no  great  confiftency;  it  may  be  cut  with 
a knife,  is  foluble  in  acids  with  effervefcence,  and  the  folution  appears  clear  and 
colourlefs.  It  often,  according  to  Mongez,  contains  aerated  manganefe,  and 
may  be  eafily  diftinguifhed  from  all  the  other  gold  ores  by  expofure  to  the  fire. 
For  the  gold  readily  melts  by  the  affiftance  of  the  lead  which  is  prefent,  and  ex- 
udes through  the  mafs  into  fmall  globules.  All  the  fpecimens  are  not  equally  rich 
in  gold.  Baron  Born,  in  his  letter  to  Mr.  Ferber,  enumerates  the  following  va- 
rieties: i.  The  ore  of  gold  mineralized  with  galena,  iron,  and  volatile  particles. 
It  is  lamellated,  gray,  compofed  of  fmall,  flexible,  brilliant  plates,  as  above  de- 
fcribed.  It  is  found  among  red  felt  fpar,  or  fat  quartz.  2.  Gold  mixed  with 
the  gray  filver  ore,  or  molybdena,  or  antimony.  3.  Gold  mixed  with  iron  and 
fulphurated  arfenic.  Its  texture  is  filamentous,  and  its  colour  yellowifh.  It 
nightly  refembles  the  arfenical  filver  ore,  mineralized  by  the  reddifh  blend. 

The  auriferous  ore  of  Nagayac,  urged  with  the  blow-pipe  upon  the  charcoal, 
liquefies,  and  affords  a white  globule  refembling  filver,  which  is  brilliant  and 
malleable.  Borax  diffolves  it  without  effervefcence,  or  change  of  colour.  Micro- 
cofmic  fait  attacks  it  with  effervefcence,  and  affumes  an  obfcure  red  colour,  which 
difappears  by  continuing  the  fufion  for  a certain  time.  A metallic  globule  is  per- 
ceived on  the  furface  of  the  flux. 

For  other  remarks  on  the  treatment  of  gold  and  its  ores,  fee  the  article  Gold. 
The  new  procefs  of  amalgamation,  invented  by  Baron  Born,  has  very  much  en- 
gaged the  attention  of  mineralogifts ; for  which  reafon,  as  well  as  for  its  own  in- 
trinfic  value,  I fliall  here  give  an  account  of  the  procefs,  from  Rafpe’s  tranflation 
of  the  Baron’s  work  on  this  fubjeft*. 

The  amalgamation  of  gold  and  filver  ores,  in  large  operations,  as  well  as 
in  fmaller  affays,  requires  the  following  diftinfl  operations': 

* Stamping,  grinding,  and  lifting. 

Calcination,  and  repeated  grinding  and  lifting. 

Trituration. 

Wafhing  of  the  refiduum. 

Eliquation  of  the  amalgama. 

Heating  of  the  fame. 

Diftillation  of  the  quickfilver  preffed  from  the  amalgama. 

Refining  of  the  heated  quickfilver  ; and  laftly. 

Management,  ufe,  and  refining  of  fuch  refidua  as  {fill  appear  to  contain  fome 
of  the  nobler  metals. 

Stamping,  grinding , and  fifting. 

By  thefe  operations  the  picked  ores,  reguli,  black  copper,  and  reguline  mix- 
tures (fpeifs)  of  metals  and  ferni-tnetals  are  reduced  into  fine  powder  ; and  their 
furfaces  being  thus  increafed,  they  mix  and  calcine  better  with  the  common  or 


* See  the  Chemical  Journal,  iii.  63. 
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rock  fait,  which  is  added  to  them  ; otherwife,  the  calcining  fire  and  the  air  could 
not  a&  fufficiently  on  the  grofler  particles,  nor  could  the  vitriolic  and  marine 
acids  * properly  penetrate  them,  or  a perfedl  defulphuration  and  decompofition 
of  Inch  fubftances  be  brought  on,  in  which  the  gold  and  filver  particles  are  d if 
guifed. 

Thefe  operations  are  performed  at  Glafshutte,  near  Schemniz  in  Hungary,  in 
dry  (lamps  and  mills ; but  at  Joachimfthal  in  Bohemia,  wet  (lamps  have  been 
fubftituted,  by  which  means  the  lofs  of  dud  unavoidable  in  the  dry  grinding, 
and  alfo  the  injury  otherwife  done  to  the  health  of  the  workmen,  are  prevented. 

Calcination. 

Sulphur  can  be  expelled  from  ores  in  open  fire  and  in  clofed  veflels,  but  imper- 
fedlly,  unlefs  fome  proper  fubftance  be  added.  Thus,  for  example,  corrolive 
fublimate  is  ufed  in  order  to  feparate  the  fulphur  from  fome  ores;  in  this  cafe 
the  concentrated  marine  acid  unites  with  the  metallic,  femi-metallic,  and  foluble 
earthy  particles,  pafles  into  the  receiver  with  the  arfenic  and  antimonial  calx  in 
the  form  of  butter,  and  the  difengaged  quickfilver  fublimates  with  the  difen- 
gaged  fulphur  in  the  form  of  cinnabar. 

From  this  an  idea  may  be  formed  of  the  calcination  of  thofe  ores,  which,  be- 
fides  particles  of  native  metal,  contain  difguifed  gold  and  filver,  which  would 
never  be  got  entirely  by  wafhing  or  other  mechanical  contrivances,  without  fome 
chemical  affiftance.  This  is  their  calcination.  By  fire  and  air  it  decompofes 
the  ores,  expels  the  fulphur,  puts  the  metallic  and  femi-metallic  particles  into, 
a calciform  (late,  and,  freeing  the  noble  metals  from  their  difguifes,  exhibits  them 
naked  in  their  metallic  form. 

If  there  be  fulphur  enough,  or  even  a fuperabundance  of  it,  calcination 
will  produce  this  aefirable  effedt  without  any  other  addition.  But  as  the  vitriolic 
acid  ads  on  the  ores,  and  difengages  the  gold  and  filver  particles  only  in  pro- 
portion as  it  is  produced  from  the  fulphur  in  more  or  lefs  quantity,  it  is  fafer  to 
depend  on  the  marine  rather  than  the  vitriolic  acid  : and  though  common  or 
rock  fait,  added  in  the  procefs  of  amalgamation  of  well  calcined  ores,  anfwersthis. 
end  in  fome  refpeds,  yet  it  will  ferve  better  when  mixed  in  proper  proportions 
with  the  earthy  or  metallic  ores  before  they  go  to  the  calcining  fire,  thus  under- 
going with  them  a fimilar  calcination.  The  quantity  in  which  it  is  to  be  added 
mud  be  determined  by  experience.  When  picked  and  halvan  ores  are  calcined* 
with  common  fait,  the  fulphur  and  arfenic,  if  any,  begin  firft  to  be  difengaged... 
Part  of  the  fulphur  (lies  off  undecompofed,  a great  part  is  converted  into  phio- 
giflon  and  vitriolic  acid,  which  lad,  uniting  with  the  alkaline  and  metallic  earths 
©f  the  bafe  metals  and  femi-metals,  but  in  particular  with  the  mineral  alkali  of 
the  common  fait,  forms  with  the  fird,  different  earthy  and  metallic  (more  or 
lefs  foluble)  neutral  falts,.  and  with,  the  lad,  Glauber’s  fait.  The  marine  acid, 
thus  difengaged  begins  now  to  a£t  like  the  vitriolic  acid,  and.  is  abforbed  equally, 
by  the  earths  and  the  metallic  calces.. 

* The  vitriolic  acid  is  produced  in  the  aft  of  calcination,  By  the  decompofition  of  tile  fulphur  con- 
tained in  the  ores,  and  the  marine  acid  proceeds  from  the  common  fait,  which  is  purpofely  added  to- 
the  ores,  and.  which  is  decompofed  by  the  vitriolic  acid.  A Glauber’s  fait  is  formed  by  the  union  of 
the  laft  mentioned  acid  with  the  bafes  of  the  common  fait;  and  the.  marine  acid,  thus  fet-at  liberty, 
attacks,  diffolves,  and  unites  with  the  earthy  matter,  and  alfo  with  the  imperfeft  metals  of'  the  ores, 
by  which  means  the  particles  of  gold  and  filver  are  freed  from  their  difgnife  or  heterogeneous  coverings, 
and  laid  open  to,  and  fitted  for  combination  with  the  quickfilver..  This  is  in  few  words  the  theory  of 
the  nroccfs. 
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The  marine  acid  confequently  penetrates  the  alkaline  and  metallic  earths  more 
completely  than  the  vitriolic  alone  ; for  if  there  be  fait  enough,  it  decompofes  all 
the  vitriolic,  earthy,  and  metallic  neutral  falts,  by  its  different  elective  attractions, 
forming  therewith  various  new  deliquefeent  and  very  foluble  earthy  and  metallic 
neutral  falts,  by  which  all  the  difguifed  gold  and  filver  particles  are  di  fen  gaged, 
laid  bare,  and  fitted  for  amalgamation. 

When  auriferous,  or  filvery  reguline  mixtures  of  bafe  metals  and  femi-metals  * 
(fpeifs)  undergo  calcination,  fire  and  air  will  produce  it  in  part,  but  flowly  and 
imperfedly  j whereas  with  common  fait,  or  properlyjts  acid,  it  fucceeds  quicker 
and  better.  There  is  no  fulphur  here,  nor  its  acid,  to  decompofe  the  fait  and 
difengage  its  acid  ; but  common  fait  decompofing  by  continued  heat,  itsacid  is 
as  it  were  phlogiflicated  by  the  adtion  of  the  fire,  feparates  from  its  alkaline  bafis, 
and  a£ts  immediately  as  a folvent  of  the  metallic  and  femi- metallic  particles. 
The  elective  attraftion  of  thefe  metals  and  femi-metals  feems  even  to  aflift  the 
decompofition  and  power  of  the  fait.  * 

The  different  mixtures  of  thefe  reguli  (fpeifs)  account  for  the  different  muriatic, 
metallic,  and  femi-metallic  neutral  falts.  For  inftance,  the  reguli  produced  by  the 
fufion  of  the  Hungarian  fallow,  or  gray  copper  ores,  confift  of  antimonial  regulus, 
copper,  gold,  and  filver,  and  fometimes  alfo  of  fome  arfenic  and  iron,  which  in 
the  reguli  of  common  antimonial  gray  copper  ores,  is  but  in  a very  inconfiderable 
proportion.  The  muriatic  acid,  difengaged  from  the  fait,  unites  (gold  and 
filver  excepted)  with  the  other  metals  and  femi-metals,  which  by  calcination  leave 
the  gold  and  filver  bare  and  undifguifed. 

The  fame  thing  happens  in  the  calcination  of  auriferous  or  only  filvery  black 
coppers.  By  the  addition  of  common  fait,  the  copper,  iron,  arfenic,  and  fome- 
times the  antimonial  particles  are  not  only  calcined,  but  alfo  molt  of  the  antimony 
and  arfenic  is  volatilized  and  deftroyed. 

The  cobalt  reguli  produced  in  the  treatment  of  arfenical  cobalt  and  filver  ores, 
contain  very  often  a great  quantity  of  bifmuth.  The  calcination  with  common 
fait  adts  upon  them  in  a fimilar  manner;  but  fhould  they  abound  in  bifmuth, 
which  is  exceedingly  fufible,  this  femi-metal  mull  be  taken  out  by  eliquation 
before  they  can  be  well  calcined,  otherwife  the  bifmuth  would  run,  and,  if  not 
wholly  prevent,  yet  very  much  hinder  the  calcination  of  the  other  metallic  and 
femi-metallic  particles. 

In  calcining  reguline  mixtures,  which  abound  in  antimony,  and  particularly 
in  arfenic,  it  has  been  frequently  found  that  more  or  lefs  quantities  of  filver  and 
copper  are  carried  off  by  the  antimonial  and  arfenical  butter,  which  arifes  from 
the  marine  acid,  chiefly  when  the  calcining  heat  has  been  too  hidden  and  brifk 
for  the  purpofe  of  a quick  calcination  of  the  antimony,  and  expeditious  expulfion 
of  the  arfenic ; for  thefe  volatile  femi-metals  acquire,  by  the  muriatic  acid,  a much 
greater  than  their  natural  power  to  carry  off  and  volatilize  even  the  fineft  metals. 

Whatever  thefe  reguline  mixtures  are,  or  may  be,  they  muft  have  gone  through 
the  {lamps  and  mills,  and  have  been  completely  pulverifed  before  they  can  be 
committed  to  the  calcining  fire,  which  is  a flaming  fire  kept  up  by  the  worftof 
fuel ; or  to  the  calcining  furnace,  which  confifts  of  two  hearths,  which,  taken 
together,  are  n or  12  feet  by  five,  of  a grate,  fmoke  and  dull  chambers,  com- 
municating with  a flue,  and  Aiding  duft-floppers  or  dull  dampers. 


*■  The  reguline  mixtures  are  produced  in  the  fufion  of  cobaltic,  arfenical,  and  antimonial  ores. 
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The  proportion  and  mixture  of  the  picked  and  halvan  or  ftamp-ftuff  is  (in 
Hungary)  determined  by  and  depends  upon  the  refpedtive  produce  of  the  mines 
and  (lamps,  which  is  commonly  two  in  three;  and  with  regard  to  the  filver,  upon 
their  average  produce.  The  proportion  of  the  fait  is  regulated  and  determined 
by  the  more  or  lefs  quantity  of  the  fulphur  of  the  faid  picked  and  halvan  ores. 

Thus,  for  example,  a whole  work,  parcel,  or  ftem  of  a calcining  furnace  in 
the  quick-mills  in  Lower  Hungary,  confifls  of  30  cwt.  one-third  or  10  cwt.  of 
which  are  pulverifed  picked  ore,  and  two-thirds  or  20  cwt.  pulverifed  (tamp  or 
halvan-ore.  Sometimes  it  confifts  of  two-fifths  of  the  former  and  three  fifths  of 
the  latter  j and  in  that  porportion  it  contains,  upon  an  average,  three  and  a half, 
three  and  three-quarters,  or  four  ounces  of  filver  per  cwt.  To  fuch  a mixture 
they  generally  add  eight  percent,  of  rock-falt*. 

The  calcination  of  fpeifs  or  reguline  mixtures  of  bafe  metals  and  femi-metals, 
of  filvery  black  coppers,  and  of  leadifh  ores,  requires,  over  and  above  the  fait, 
an  addition  of  quick-lime,  from  four  to  ten  and  twelve  percent.  For  thefe  me- 
tallic mixtures  otherwife  rife  amazingly  in  the  calcining  heat,  and  the  fpeifs  and 
black  coppers  are  in  particular  apt  to  turn  clammy,  and  to  leave  clots  in  which 
many  particles  remain  uncalcined;  but  both  thefe  inconveniences  are  coun- 
teracted by  the  lime.  It  prevents  the  immediate  contaCl  of  the  metallic  particles* 
and  their  running  in  the  calcining  fire : moreover,  as  it  increafes  the  furface  of 
the  whole  mixture,  the  fingle  parts  of  the  fame  are  more  effectually  aCted  upon* 
calcined,  and  laid  bare  by  the  fire,  air,  and  muriatic  acid. 

Even  the  filver  regulus,  and  raw-ftone,  and  the  lead  and  copper  reguli,  bear  a 
moderate  addition  of  lime. 

When  the  furnace  is  properly  heated,  and  the  doors  of  the  dud-chambers,  and 
the  hiding-dampers,  or  duft-catchers  of  the  flue,  are  fhut,  the  whole  parcel  of 
ore  (viz.  30  cwt.)  is  run  by  wheel-barrows  on  the  flattop  of  the  furnace,  when 
having  been  equally  fpread  into  an  even  furface,  the  proper  proportion  of  fait  and, 
lime  is  lifted  over  it,  and  the  whole  is  turned  and  worked  with  iron  rakes  and 
crooks,  in  every  direction,  until  the  whole  is  perfectly  and  equally  mixed.  Thus 
prepared,  it  is  fpread  into  a fquare  furface,  and  marked  into  equal  divifions,. 
which,  in  due  fucceffion,  are  let  down  (in  8 cwt.  parcels)  on  the  upper  hearth, 
by  means  of  a funnel,  which  opens  upon  it  through  the  lower  vault  or  floor  of  the 
furnace.  On  this  hearth  it  muft  be  fpread  and  extended  equally,  that  the  moifture 
of  the  (lamp  or  halvan-ore  may  be  expelled,  before  it  is  fhoved  down  on  the 
lower  hearth  : after  which  the  upper  hearth  is  immediately  filled  again  with 
another  quantity, ' that  exficcation  and  calcination  may  be  performed  at  the  fame- 
time,  by  the  fame  fire. 

In  the  calcination,  the  following  phenomena  take  place  : on  the  furface  of  the 
picked  and  halvan-ores,  when  brought  on  the  lower  hearth,  and  ftirred,  an  un- 
dulating motion  is  obferyed,  and  a volatile  fulphureous  acid  fmell  is  perceived  ; 
after  which  the  fulphur  begins  to  difengage  itfelf  burning,  covering  the  whole 
(when  the  ores  are  very  fulphureous)  with  a blue  flame,  and  flying  off  at  laft  in 
the  form  of  a whitifh  thick  fuffocating  fmoke. 

Whilft  the  fulphur  is  thus  difengaged  and  decompofed  in  a low  or  gentle  fire, 
the  vitriolic  acid,  thence  produced,  decompofes  the  common  fait,  combines 

* If  pan-falt  fhould  be  ufed,  and  prove  of  an  inferior  quality  on  account  of  fixed  ammoniac  (calx 
falita ) and  magnefia,  left  in  it  by  too  brifk  boiling,  &c.  then  the  proportion  muft  be  different.  Eight 
per  cent,  of  pan-falt  will  do  for  filver  ore  j but  copper  regulus  frequently  requires  ten  per  cent,  and 
black  copper  twelve  per  cent. 
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with  its  mineral  alkali,  and  difengages  the  marine  acid,  which  prefently  unites 
with  the  alkaline  and  metallic  earths.  At  this  time  the  ore  begins  to  clot,  to 
rife,  extend,  and  increafe  in  bulk  and  furface.  It  begins  to  look  like  wet  athes 
and  to  diffufe  a mixed,  fulphureous,  faline,  acid  fmeli,  which  proceeds  from  a 
lighter  whitilh  or  grayilh  blue  fmoke  flying  off  from  the  furface. 

From  this  inftant  the  fire  and  furnace  may  be  kept  a little  brighter,  yet  the  ore 
muft  be  continually  ftirred  and  turned  over  from  one  fide  of  the  furnace  to  the 
other;  otherwife  it  would  be  calcined  unequally,  and  fome  particles  would  remain 
undecompofed.  If  the  furnace  and  fire  were  kept  too  bright,  the  fulphur,  arfenic, 
and  faline  acid  particles,  too  brifkly  expelled,  would  unavoidably  carry  along 
with  them,  and  volatilize  many  other,  nay  even  metallic  particles  *. 

When  the  fulphur  begins  to  difengage,  the  ore  changes  its  colour;  it  changes 
again  when  the  calcination  is  over  at  its  rifing  and  fubfidence.  The  fulphureous 
acid  fmeli  difappears  when  the  ore  that  had  been  rifing  begins  to  fink,  and  the 
clotting  ceafes,  for  then  part  of  the  muriatic  acid  flies  off.  On  taking  a ladle  full 
of  it  for  proof,  or  even  on  fmelling  the  whitifh  rarefied  fmoke  near  the  back- 
door of  the  furnace,  the  fmeli  of  pure  marine  acid,  or  of  volatile  fpirit  of  fait,  is 
perceived. 

Moft  ores  and  mixtures  of  ores,  chiefly  when  containing  a great  proportion  of 
pyrites,  or  when  there  happens  to  be  fulphurated  copper  ore,  (hew  at  this  period 
a luminous  phofphoric  appearance,  when  fuddenly  taken  from  the  hearth,  and 
immediately  examined  in  the  dark.  In  a moderate  heat  and  cold  weather,  they 
likewife  (hew,  during  the  (lining,  bright  luminous  fparks,  flying  and  fcattering 
about  like  fire-work. 

When  the  fulphur  is  fufficiently  expelled,  and  part  of  the  marine  acid  is  gone  ; 
when  the  whole  begins  to  fubfide,  and  the  clotting  to  be  lefs;  and  when  all  the- 
above-mentioned  phenomena  have  appeared,  then  the  calcination  s deemed  tO' 
be  perfeft. 

The  colour  of  the  calcined  ores  and  halvans  is  generally  red,  reddilli  gray, 
dark  red,  or  red-brown,  according  to  the  proportion  of  the  earthy  and  metallic 
particles,  or  of  the  fulphur  they  contained.  They  are  of  a lighter  and  higher 
red  when  very  earthy ; brown  when  very  coppery,  or  mixed  with  manganefe  ;. 
and  yellowifh  red  when  lead  prevails  in  their  mixture. 

Copper  reguli,  containing  a much  greater  proportion  of  fulphur,  muff  undergo- 
a longer  calcining  heat  than  other  mixtures  of  ores  and  halvans.  When  mixed 
with  lead,  or  antimony  and  arfenic,  they  muff  be  put  to  calcine  not  only  with 
common  fait,  bur  alfo  with  a proportionate  quantity  of  quick-lime,  that  the  excefs 
of  muriatic  acid  may  be  taken  from  the  butter  of  antimony  and  arfenic,  and  from 
the  plumbum  corneum  which  are  produced  during  the  calcination,  and  be  ab- 
forbed  by  the  lime,  which  prevents  the  untoward  clotting  of  the  particles. 

The  lame  cautions  muft  be  obferved  in  the  calcination  of  the  reguline  mix- 
tures (fpeifs)  of  bafe  metals  and  femi-metals,  and  of  the  filvery  black  coppers, 
for  they  alfo  contain  a confiderable  proportion  of  antimony  and  arfenic.  If  not 
calcined  with  lime,  along  with  the  common  fait,  they  pack  at  the  very  inftant 
the  regulus  of  antimony  and  arfenic  is  calcined  and  volatilized,  in  the  form  of  a. 

* Though  the  fire  be  ever  fo  cautioufiy  conduced,  fome  particles  of  the  ore  will  be  carried  off  and 
loft.  This  chiefly  happens  in  the  firft  ftage  of  the  fire,  for  then  during  the  ftirring  of  the  ore,  fome 
particles  are  taken  up  and  carried  away  by  the  current  of  rarefied  air,  or  during  the  rifing  of  the  mix- 
ture, by  means  of  the  fulphur  and  marine  acid.  This  may  be  in  fome  meafure  prevented  by  keeping- 
the  back-door  of  the  upper  hearth,  ftiut ; by  avoiding  to  ftir  the  mixture  while  it  dulls,  &c.  &c. 
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white  very  thick  fmoke,  which  is  brought  about  very  expedkioufly  by  the  difen- 
gaged  marine  acid. 

The  reguline  mixtures  (fpeifs)  of  metals  and  femi-metals,  and  the  black  coppers, 
containing  little  or  no  fulphur,  the  common  fait  calcined  with  them  is  decompofed 
by  the  adion  of  the  fire.  The  marine  acid,  thus  fet  free,  promotes  their  calcination, 
.and  forms  with  their  calces  different  perfed  or  imperfect  neutral  falts,  difengages 
the  difguifed  gold  and  filver  particles,  whilft  the  mineral  alkali  remains  free  and  in 
a cauftic  date : for,  in  the  dry  way,  the  marine  acid  leaves  its  alkali,  and  combines 
with  the  metals  and  their  calces ; but,  by  fubfequent  folution  in  water,  it  returns 
to  the  alkali,  forming  again  with  it  common  fait,  and  confequently  lets  go  the 
metals,  femi-metals,  .and  earthy  particles,  before  in  folution. 

In  the  calcination  of  thefe  metallic  mixtures  and  the  copper  reguli,  the  before- 
mentioned  luminous  phofphoric  appearance  does  not  take  place  ; but  the  flame 
which  paffes  over  them  affeds  various  colours,  and  in  particular  the  red  and 
blue,  both  owing  to  volatilized  particles  of  copper. 

When  antimonial  ftone,  copper  reguli,  and  reguline  mixtures  of  metals  and 
femi-metals  are  put  to  calcine,  the  antimony  calcines  firft,  forming  a white  calx 
in  the  flues  and  other  paffages;  arfenical  mixtures  diffufe  a white  fmoke  and 
garlic  fmell ; thofe  which  abound  in  lead  and  zinc  (which  laft  require  a ftronger 
and  longer  fire)  produce  faturnine  zincous  fmoke  and  white  flowers. 

When  the  calcination  of  thefe  metallic  mixtures  is  perfeded,  and  the  remainder 
is  cooled,  their  calces  appear  brownifli  gray,  or  dark  gray;  and  thofe  of  the 
ftone  and  copper  reguli  of  a more  or  lefs  faturated  red  colour,  except  thofe  which 
abound  in  lead. 

The  fureft  fymptoms,  however,  of  their  perfect  calcination,  are  colledively 
the  riling  and  finking  of  the  mixtures,  their  colour,  and  the  acrid  fmell  of  the 
marine  acid.  Then  only  the  gold  and  filver  particles  may  be  deemed  to  be 
fully  difengaged. 

Sifting  and  grinding  after  calcination. 

The  grinding  and  fifting  of  the  fluff  is  as  neceflary  after  as  before  calcination, 
becaufe  the  ftamp  and  halvan-ftuff,  which  is  mixed  up  with  the  picked  ore,  could 
not  be  fifted  or  ground  previous  to  its  calcination,  on  account  of  its  moifture. 
This  further  grinding  and  fifting  ferves  likewife  fully  to  pulverize  and  equalize  the 
clots  of  the  reguline  mixtures  (fpeifs)  of  metals  and  femi-metals,  and  of  the  cop- 
per reguli. 

If  thefe  coarfer  particles  were  fuffered  to  remain  as  they  are,  they  might  flill 
difguife  many  gold  and  filver  particles,  and  guard  them  againft  amalgamation. 

This  repeated  grinding  and  fifting  may  be  difpenfed  with  when  the  whole  fluff 
is  of  an  equal  fize  and  fufficiently  fine ; but  its  clots  will  at  any  rate  require  exa- 
mination, whether  they  be  foluble  in  water  or  not,  for  thofe  of  leady  and  metal- 
lic mixtures  remain  infoluble.  If  foluble,  and  not  leaving  fharp  coarfe  particles 
between  the  fingers,  they  want  neither  grinding  nor  fifting,  but  they  muft  go 
through  both  thefe  operations  when  infoluble,  and  when  they  betray  fuch  coarfe 
particles  on  being  rubbed  between  the  fingers. 

\ ’trituration , boilings  and  amalgamation  of  the  calcined fluff. 

By  amalgamation  we  underhand  that  mechanical  and  chemical  operation, 
in  which,  by  means  of  quickfilver,  heat,  uninterrupted  motion,  and  fuccef- 
five  contad  of  the  particles, — gold  and  filver  (previoufly  difengaged  from  their 
difguifes  by  calcination  and  pulverifation)  are  extraded  from  their  earthy,  me- 
tallic, or  mineralized  matrixes,  and  combined  with  quickfilver. 
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If  the  ores  have  been  duly  pulverifed  and  calcined,  the  fuccefs  of  trituration 
or  amalgamation  moftly  depends  on  the  proper  proportions  of  the  quickfilver 
and  water  which  are  added  to  the  fluff : it  likewife  depends  on  the  goodnefs  and 
conftruttion  of  the  ftirring  apparatus,  by  which  the  whole  mixture  is  kept  in 
conftant  motion  and  mutual  contact.  Even  the  degree  of  heat,  and  the 
quicknefs  of  the  trituration  or  ftirring,  contribute  to  the  quicker  and  perfect 
amalgamation. 

To  determine  the  quantity  of  quickfilver,  the  weight  and  bulk  of  the  calcined 
fluff  are  to  be  confidered.  The  lighter  the  fluff,  the  more  voluminous  it  will 
prove,  and  confequently  the  gold  and  filver  will  be  the  more  difperfed.  In  this  cafe 
the  quantity  of  quickfilver  mull  be  proportioned  to  the  tnafs.  Thus,  for  exam- 
ple, 2 cwt.  of  picked  ore  and  halvans  are  more  bulky  than  2 cwt.  of  calcined' 
copper  regulus  or  other  reguli.  The  former,  therefore,  require  a larger  quantity 
of  quickfilver. 

Both  in  fmall  and  great  operations,  experience  has  determined,  that  an  excefs 
of  quickfilver  is  never  hurtful,  and  that,  on  the  contrary,  a fcanty  proportion: 
is  attended  with  Ioffes.  It  may  be  taken  in  the  proportion  of  one  to  two,  that  is 
1 cwt.  of  quickfilver  to  2 cwt.  of  fluff.  In  this  proportion  it  does  not  increafe 
thecofl  of  walking  and  preffing,  nor  is  any  lofs  of  quickfilver  incurred  ; the  full 
produce  of  noble  metal  is  thus  fecured,  and  the  refiduum  is  left  poorer. 

The  veffels  or  boilers,  in  which  the  quickfilver  and  fluff  are  triturated,  are  of 
copper,  of  an  inverted  conical  form,  and  with  a concave  bottom.  No  boiling 
heat  required  : a heat  of  50°  or  6o°  is  fufficient. 

No  more  water  is  required  than  what  will  foak  into  and  make  the  fluff  liquid. 
Excefs  of  water  makes  the  quickfilver  fink  too  fall,  and  keeps  the  lighter  and 
finer  particles  of  the  metals  floating  on  the  furface ; which  of  courfe  prevents  the 
perfect  fuccefs  of  the  operation.  On  the  other  hand,  too  little  water  leaves 
the  fluff  too  thick,  which  makes  the  ftirring  very  troublefome ; moreover,  the 
evaporation  of  the  water  foon  forms  a dry  and  hard  cruft  on  the  fides  of  the  boiler, 
which  is  attended  with  lofs  of  filver  in  the  refiduum.  Experience  mud  deter- 
mine the  proper  refpedlive  meafure  of  water. 

The  ftirring.  apparatus  is  put  into  motion  by  means  of  a water-wheel. 

The  flirrers  or  ftirring  racks  (which  were  at  firft  made  of  copper,  but  have 
fince  been  found  to  anfwer  better  when  made  of  wood)  are  circular  fegments 
correfponding  with  the  fides  and  bottom  of  the  boiler. 

Experience  only  can  determine  how  long  the  refpefilive  fluffs  mud  be  triturated 
with  quickfilver.  It  has  been  found  that  fome  fluff  yields  its  gold  and  filver 
to  the  quickfilver,  perfectly  and  cotnpletely  within  eight  or  ten  hours;  other 
mixtures  require  a trituration  of  12  or  1 5 hours.  Excefs  of  time  or  longer  tri- 
turation is  never  hurtful ; too  little  of  it  will  often  leffen  the  produce. 

Wajbing  of  the  triturated  leavings,  or  refiduum. 

The  objeft  of  the  trituration  already  defcribed,  was  to  unite  the  gold  and  filver 
particles  of  the  calcined  fluff  into  an  amalgama  with  quickfilver : the  objedt 
of  this  walking,  is  the  feparation  of  this  rich  amalgama  from  the  leavings 
or  refiduum. 

ThE  walking  is  performed  in. a large  tub,  of  a conical  form,  with  a rake  within, 
it,  contrived  fo  as  to  be  thrown  into  a rotatory  motion,  by  a water-wheel,  or  by 
hands.;  with  fide  cocks  for  drawing  off  the  water;  and  with  a bottom  cock  for 
tapping  off  the  amalgama. or  quickfilver.. 
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The  particles  of  quickfilver  and  amalgama,  kept  floating  in  the  whole  liquid 
mafs,  by  the  continual  rotation  of  the  rake,  fink  by  their  gravity,  and  colledt  in 
the  concave  bottom  of  the  tub,  above  the  cock  ; but  the  remaining  fluff  or  ore 
and  flony  matter,  being  much  lighter,  is  kept  floating.  When  the  whole  has 
been  fufficiently  flirred  about  in  this  manner  with  the  water,  the  bottom  cock  of 
the  wafhing-tub  is  opened,  and  the  quickfilver  and  amalgama  are  thereby  let  out; 
after  which  one  (or  more)  of  the  fide  cocks  (which  are  fixed  at  different  heights)  is 
opened  to  let  out  the  thin  liquid  fluff*. 

Eliquation  of  the  quickfilver  and  amalgama. 

The  quickfilver,  triturated  with  rich  fluffs,  is  flrained  through  a kind  of 
filtrum,  for  the  purpofe  of  bringing  the  gold  and  filver  particles  into  a fmaller 
compafs,  and  of  feparating  them  from  the  excefs  of  quickfilver;  although  the 
whole  can  never  be  feparated  but  by  fire. 

This  is  done  by  means  of  a box,  on  the  circular  opening  of  which  lies  an  iron 
ring,  to  which  is  fixed  a bag  of  linen  damafk.  The  quickfilver  (its  furface  hav- 
ing been  previoufly  cleanfed  with  a fponge  from  any  muddy  water  or  fluff  that 
might  adhere  to  it)  is  poured  in  fmall  quantities  into  this  bag  by  one  perfon, 
whilft  another  preffes  it  with  his  hands,  until  the  ball  of  amalgama,  colledling  and 
forming  apace,  does  no  longer  yield  any  quickfilver.  When  the  ball  becomes  too 
big  for  preffure  with  two  hands,  it  is  taken  out,  and  another  is  formed  in  the 
fame  manner,  until  all  the  quickfilver  is  gone  through  the  bag.  The  balls  of 
amalgama  are  put  into  a wooden  box. 

The  quickfilver  which  has  been  ftrained  through  the  bag  (and  which  always 
contains  from  20  to  30  penny-weights  of  gold  and  filver  per  cwt.)  is  collected  in 
a refervoir  under  the  box,  and  ferves  again  for  trituration  with  frefh  quantities 
of  ore  -f. 

Heating  and  fuhlimation  or  dif  illation  of  the  amalgama . 

The  amalgama  balls,  obtained  by  preffing  or  eliquating  the  quickfilver,  con* 
fifl  (according  to  the  different  degrees  of  preffure  they  underwent)  of  one  part 
filver,  and  four,  five,  or  fix  parts  quickfilver.  This  is  expelled  from  them  by  fire 
in  clofe  veffels.  It  is  a diflillation ; per  defcenfum , performed  in  large  cafl-iron  pots 
put  over  each  other.  The  fire  is  kept  up  for  five  or  fix  hours.  The  heat  adting 
through  the  pots  on  the  amalgama,  volatilizes  the  quickfilver,  which  rifing  in 
the  form  of  vapour,  and  finding  no  paffage  in  the  inverted  upper  pot,  is  forced 
down  into  the  lower  one,  and  colle&s  there  by  the  way  of  diflillation,  being 
condenfed  and  precipitated  by  the  coolnefs  that  is  conflantly  kept  up  by  cold 
water  applied  to  the  outfide  of  the  lower  pot  or  receiver. 

When  no  copper  has  been  revived,  and  the  amalgama  has  been  perfedlly  treated, 
all  the  quickfilver  is  recovered  without  lofs,  and  the  balls  are  white  like  filver,  and 
molfy  on  their  furfaces.  If  coppery,  they  have  a reddifh  cafl,  and  are  brownifli 
if  the  copper  has  undergone  a fuperficial  calcination.  If  leady,  which  is  feldom 
the  cafe,  they  fhew  a dark  pearl  gray  colour. 

* Coid  amalgamation  (of  which  an  account  will  be  given  In  a note  fubjoined  at  the  end  of  thi* 
article)  has  been  fuccefsfully  introduced  in  Bohemia,  in  place  of  this  warm  amalgamation  in  copper 
boilers. 

+ It  is  remarkable,  that  the  greateft  part  of  the  gold  and  filver  remains  fufpended  in  the  quickfilver, 
when  prefled  through  warm  as  it  comes  from  the  wafhing  tub;  and  that,  when  leftundiflurbed  to  cool, 
the  nrr  algama  congeals  and  finks  to  the  bottom.  In  freezing  cold  the  amalgama  appears  cryftallized 
internally,  and  feems,  like  antimony^  to  confill  of  Ihort  cryilalline  fibres,  crofiing  each  other,  and  even 
appearing  on  its  furface. 
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table  IV.  Combinations  of  Two  Substances. 
Caloric  forms  a third  m some  of  these  Compositions. 
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Gtrat  of  Soda 

an 

rhosphat  of  Potash 

An_ 

Acidulous  Sulphat  of  At  amine 

%L- 

Acetat  of  Magnesia 

m 

Ammoniacal  Gtrat ...  

PEL 

Phosphat  of  Soda 

Ao_ 

Sidpbat  of  Ahimine 

Am 

VEL 

Ammoniacal  Phosphat 

PK. 

Sulphat  of  Alumine  with 

V" 

Acetat  of  Soda 

Aim 

FLuat  of  Potash . 

Arm 

Phosphat  of  Lime 

vn_ 

excels  of  base 
Sulphat  of  Magnesia 

Acetat  of  Copper 

©el 

Fhuit  of  Ammoniac 

pm. 

Phosphat  of  Iron 

(Fy\- 

Sulphat  of  Silver  . 

Acetat  of  Iron ...  

©HL 

Float  of  lime 

VEL 

Phosphite  of  Soda. ... 

Ao~ 

Sulphat  of  Mercury 

®U- 

Ammoniacal  Acetite 

.dm 

Formiat  of  Soda. _ 

Aim 

Pricfsiat  of  Iron 

©EL 

Sulphat  of  Tin . 

®u. 

Acetite  of  Potash. - 

Aim 

Ammoniacal  Formiat .... 

PEL 

Pyi'o  tartrite  of  Potash 

AS- 

Sulphat  of  Copper. 

©a 

Gdeareout  Acetite 

VTaI 

Calcareous  Formiat 

VEi_ 

Pyro  nuicite  of  Soda. 

AN- 

Sulphat  of  lead 

©u 

Bombiat  of  Potash . . . . 

AN 

lactat  of  Soda 

Aim 

Pyro  Ugnite  of  Ammoniac ... 

PEL 

Sidphat  of  Iron 

©j. 

Ammoniacal  11  ofnbiat 

A tyjjyinnirtpn],  Tnnt/iti 

/CEL 

Saccho-lat  of  Potash 

an 

Sulphat  of  Zink...  . . 

©u. 

Ccdeat'eous  HoTnbTTit 

Lactat  of  Ziine 

VEIL 

Sebat  of  Soda. ........ 

Aim 

Sidphat  of  Manganese.. 

®u 

Carbonat  of  Potash 

VEL 

AC 

Gallat  of  Potash  . . 

Sidphite  of  Potash 

Al  A 

Sulphat  of  Nickel. 

®u 

Ccubonat  of  Soda 

AC 

Malat  of  Potash 

ATm1_ 

Sulphat  of  Potash 

AU 

Sulphat  of  Bismuth 

Oa 

Ammoniacal  Carbonat 

£3 

nr 

Muriat  of  Potash.  .. . . .. 

Aim 

Acidulous  Sulphat  of  Potash 

Sidphat  of  Antimony  ... 

©u. 

Calcareous  Carbonat.  

A* — 

Muriat  of  Soda  . . 

Aim 

Sulphat  of  Potash  with 

Sulphat  of  Cobalt 

®U- 

Barytic  Carbonat. 

VC_ 

Ammoniacal  Muriat. 

PEL 

excefs  ot  base 

Sulphat  of  Arsenic 

®U- 

Magnetnan  Carbonat 

Barytic  Muriat 

Aim 

Sulphat  of  Soda 

&U. 

Sulphat  of  Mofybden... 

®Ll 

Cca'bonat  of  Iron.  ..  

V v_ 

®C_ 

Muriat  of  Iron _ . 

€HL 

Acidulous  Sulphat-  of  Soda 

&- 

Sulphat  of  Tnnsiein  — 

©a. 

Benzoat  of  Potash 

AN 

OxygenatedMuriatofSoda . 

AUD 

Succinat  of  Potash 

Aim. 

Afnmoniacal  Benzoat. 

pa 

_ Nitrat  of  Potash,  or  Nitre.. 

Sulphat  of  Soda  with 
eoccqfs  of  base 

‘ Arseniat  of  Potash  ... 

A 

Calcareous  Benzoat 

va 

Nitrat  of  Soda. 

A/. 

Sulphat  of  Ammoniac 

aNA— 

Acidulous  Arseniat  of  Potash. 

§L 

Borat  of  Soda 

an 

Ammoniacal  Nitrat. 

NL 

Arseniat  of  Potash  with 

Acidulous  Sulphat  of  Ammonia 

_ eacefs  ot  base — 

Amnwniarcd  Borat 

Tim 

Barytic  Nitrat. 

Calcareous  Borat 

vm 

Nitrat  of  Silver.  

. ®L 

Sulphat  of  Ammoniac 
with  excels  ot  base' 

Ammoniacal  Timstat... 

pa- 

Caniphot'at  of  Potash 

AN 

Nitrite  of  Potash 

A/- 

r 

Calcareous  Timstat  

VS- 

Ammoniacal  Camphorat. . 

ln\ 

O.ra/at  of  Potash . . 

AEL 

Barytic  Sulphat  

|w 

■ Lithiat  of  Potash - 

jkEL 

Plate  IV.  end. 


Table  VI  The  Ancient  Chemical  Signs  or  Characters. 

A Fire  . 

A Air. 

V Water. 

V7  Earth  . 

f.  A Fixable  Air. 
n.A  Mephitic  Air . 

V *v-. 

*^>  Gypsum 
g7;  C . V;  Calcareous  Earth 
|;CV;T;  Quicklime 
Xo  FiOyiable.  or  Siliceous  Earths. 
54  Floors,  or  Fusible  Earths. 
X 7«//c. 

VI .V  Magnesia. 

W;  © ; Earth  of  Alum  . 

.V.  Sand. 

O Gold. 

5;  £ ; 

Q Copper. 

Lead 

^ Mercury. 

d Eon. 

2p  Zinc. 

B;W  Bismuth. 

I § Antimony. 

S Regulus  of  Antimony. 
0-0  Arsenic 
^ Regulus  of  Arsenic 
K Cobalt. 

N Nickel. 

S.M  Metallic  Substances. 

C Calx. 

0=0  Orpiment. 

Cinnabar. 

I .C.  Lapis  (alaminaru. 

® Tidt\’ 

0 Vihiol. 

© ; ©;  Sea  Salt. 

Sal  Gem. 

0 Nitre. 

CM  •,  US  ; Borax-. 

S . S . Sedative  Salt. 

3JC,  OTfcj;  Sal  Ammoniac. 
O.tb;  Alum. 

EjP  Tartar. 

£?,  8 .Alkali. 

©V;  ©V;  Fixed  Alkali. 
©*;©*;  Volatile  Alkali '. 
m. ©v  Mild  fixed  AlJcali 
C - ©v Caustic  fixed  Alkali. 

1 m.  CN'Mild  vol.  Alkali 

C . ©A  Caustic  vol.AVcali. 
Potash. 

s;  Acids. 

; Vinegar. 

0k  > ©;. Vitriolic  Acid 
0*;  > ® \Nib'ous  And. 

©E;  > ©;  Marine  Acid. 
T;_T';  Aquafortis. 

'll ; Al ; Aqua  Regia . 
tjV.  Tol.  Sulphureous  Acid. 
Phosphoric  Acid. 

V.  Wine. 

X"  Spirit  of  Wine. 

V?  Rectified  Spirit  of  Wine. 
JE  Ether. 

^7  Lime  Water. 

DU  Urine. 

o°o ; t>-,Oil. 

cA>',E ; 0 0 ; Essential  Oil. 
Fixed  Oils 
£ Sulphur 
©4  Hepar  of  Sulphur 
A Phosphorus 
Phlogiston 
Of  Soap. 

0 Verdegrise . 

I)-0  Glass. 

Q Caput  Mor-tuum. 

<5  A Powder. 

:£  Ashes. 

B.  A Bath. 

BM;MS,  Water- bath. 

A B Sand-bath. 

V.  B . Vapor-  bath . 

X An  Hour. 

6 A Day. 

9 A Night  . 

EEI  A Month. 
aaa  A Amalgam. 
cf.AJi  To  Distdl. 

To  Sublime. 

-O-  To  Precipitate. 

CSfy  A Retort. 

X X An  Alembic  . 

4 A * A Crucible. 

S.S.S.  Stratum  Super  -Stratum. 
C.C.  Cornu  Ceryi . Hartshorn. 
fCCfC  A Bottle. 
gr/'.  A Grain. 

3/ . A Scruple. 

\t  A Dram, 
y r An  Ounce 
tbt.  A Pound. 
dvft.r.  A Penny  weight. 

Table  VII.  The  Chemical  Signs  as  they  occur  in  the  writings  of  Bergman 

Ac  ; 

II)S 

Earths.  ! Metallic  Calces. 

’ + (A  Vitriolu  ■■ 

! + GAc^>  Phlogishrated 

1 . + © Nitrious. 

f.+  (D  Phlogishcated . 

;.+  © Marine 
>.  + © y Dephlogisticated . 
\ l Vi  Aqua,  rafut  . 

1 H7  of  Fluor. 

».  o-ho  Arsenic. 
o.+  rCn  Borax. 

/.  + ® Sugar. 

2.  + Tartar. 

\ ?.  + Sorrel 

r.+  C Lemon. 

\ >•  + Benzoin. 

16  + GO  Amber 
cj.  4-  © Sugar'  of  Milk. 
i8A\?  Acetous  distilled. 
ig.+  © Mills. 
io.+ff  Ants, 

21.  + @ Fat. 

22. +  Q of  Phosphorus. 

23  + Q Perlatum. 

24-+  ^ of  Prufs-ian  blue. 

25.  A Aerial. 

Alkalis 

26.  ©\/Vf  Piue  fixed Vetfebrhle 

2/.  ©Smf  Pure  fxed Mineral. 

28.  QA  f Pui-e  Volatile. 

zgyh  Pure  Ponderous, 
jo.  Y/?  Pure  calcareous  Zirne. 
ji.  ^ Pure  Magnesia 
32 Pure  Argillaceous 
jjffi  Pure  Siliceous. 

34.  V Water 

35. A  Vital  Air. 

3 Phlogiston. 

37.  A Matter  of  Heat. 

38- iQ  Sulphur: 

3P  @ ^ Saline  Hepar. 

40^/  Spirit  of  Wine- 

4Jo°o  ASthee 

42.0  0 Efsential  Oil. 

43.  © Unctuous  Oil. 

44- ¥ © Gold 
45.  7^30  Platma. 

4 Off  © Stiver: 

47-  Y Mercury. 

48.  ¥ t)  Lead. 

4,9.  ¥ 9 Copper, 
jo.'f  cf  Iron. 

31.  ^ % Tin. 

32. ^  Bismuth. 

1 Nic/ele. 

34.  ¥ 0 — 0 Arsenic. 

55  ^ Q Cobalt. 
56Af  O Zinc. 

,TJ.  ^ (5  Antimony. 
58 Af  (5  Manganese- 
3$f¥  G?  Siderite. 

